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SOUTHERN APPALACHIAN GRASS BALDS 
By B. W. WELLS 


Puates 1-5 anp 2 Text Fics. 


INTRODUCTION 


Scattered at infrequent intervals on the high ranges of the Southern 
Appalachian mountains are local openings in the forest, the central 
areas of which are dominated either by a shrub community or an her- 
baceous grass or sedge community. All such openings which, unlike 


clearings in the lower mountains, are relatively stabilized or permanent, 
have, from the earliest historical times, been called “‘balds.”” Those 
which are dominated throughout by a shrub complex, with grass or 
sedge confined to cattle or man-made trails, are shrub balds (if compact, 
locally known as “slicks’’) and are highly variable in size, composition, 
and site. In contrast, the grass and sedge balds exhibit a central area 
of varying size with the herbaceous perennials almost completely domi- 
nant and shrubs if present constituting a border community transitional 
to the environing forest. These grass balds are of restricted size (-100 
acres), and exhibit little diversity in composition and site. Roan Bald 
of a thousand acres is an exception having been greatly enlarged in the 
modern period. Both types of openings are called ‘“‘balds’”’ by the 
local mountain people and the government topographic maps. It is 
very important therefore to point out that in this paper we are dealing 
only with the grass bald (including for purposes of simplification the 
few closely related sedge types) which may always be recognized by 
the relatively high local dominance of the grasses or sedges on areas 
generally central, yet immediately surrounded by shrubs or in some 
directly by forest. 
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HISTORICAL 


The grass balds have been an ecological puzzle to naturalists and 
apparently to the Indians as well. The Cherokees held to supernatural 
explanations. The white observers up to the present have insisted on 
“natural” causes in the sense of local impact of extreme climatic condi- 
tions and uncontrolled fire. 


CHEROKEE LEGENDS 


Because of their human interest and as evidence of the antiquity of 
the balds, the Cherokee legends deserve restatement here. Fink’s (8) 
account of the most elaborate myth from the original report by Mooney 
(15) is given first: 

“Tt seems that in the ancient days the Indian villages were subject 
to the incursions of a mythical monster, an ulagu, resembling a gigantic 
hornet, that would swoop down, snatch up a child in its claws and 
vanish so swiftly that pursuit was impossible. 

“Every possible method of defense and offense was tried, with no 
avail. Meantime the raids continued, and the villages were fast being 
depopulated. At last sentinels were posted on the mountain tops and 
by this means the ulagu was finally traced to its lair, an inaccessible 
cavern high on a sheer, precipitous mountain side. 

“While they had found its retreat, the Indians were little better off 
than before. In their extremity, they gathered together in a great 
council and implored Divine assistance. The Great Spirit heard their 
pleas, and sent to their aid the lightning, that at one tremendous stroke 
split off the whole side of the mountain. When the smoke and dust 
cleared away, there lay the ulagu, dazed but still alive. Quickly the 
Indians fell upon it with spear and ax, ridding themselves forever of 
the dread scourge. So pleased was the Great Spirit with their initia- 
tive in uncovering its hiding place, their piety in appealing for Divine 
aid in their extremity, and their bravery in the final combat, that it 
was His decree that in the future the tops of the highest mountains be 
bare of timber, to better serve as stations for sentinels should such 
another visitation ever occur.” 

In the original report the ulagu (Tsul ’kalu or Jutaculla) was definitely 
located on and in the region of Tennessee Bald which is one of the locally 
known “Jutaculla Fields’? comprising the neighboring two Rough Butt 
balds together with Gage and Charley Bald. 

On Joanna Bald on the Graham-Cherokee County line (not given on 
topographic maps) was the “lizard place” where a great lizard with 
glistening throat could be seen sunning himself. 
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Still another story relates that the balds were forbidden territory 
and a party of young braves boldly and in merriment entered the open 
ground of one, whereupon the devil in the form of a huge snake assaulted 
and swallowed fifty of them. 

In the Mooney (15) report mention is made of Gregory Bald which 
the Cherokees called ‘the rabbit place’? where the king of the rabbits 
lived—“‘a rabbit as big as a deer.’”’ Near Robbinsville is located a 
mountain having two small balds which were formed by “a mysterious 
being having the form of a giant with head blazing like the sun once 
alighted here and stood for some time. Later they found the herbage 
burned from the ground.” 

Another legend states that the Nunnehi (people who live anywhere), 
a race of spirit folk who inhabited the high mountains, “‘had a great 
many town houses on the balds (“udawagunta’’—Cherokee name for 
bald mountains). 


RECENT THEORIES 


William Bartram who traveled in the Southern Appalachians in 1776, 
and the Michauxs, father and son, the first white naturalists to traverse 
the Southern Appalachians make no mention of the balds. They seem 
to have kept to the main lowland trails. 

Gray (9) visited Roan Mt. Bald in 1841 but was not aware of the 
problem, since the extensive grazing probably led him to believe the 
entire bald was a mountaineer clearing. His plant list constitutes a 
valuable record. 

Edson (7) is the first writer to attempt a scientific explanation. From 
observations on Roan she developed a theory of ice storm injury. The 
ice formation at certain places is so great, with the consequent repres- 
sion of the trees, that grass comes to take the place of the injured woody 
plants. 

Harshberger (10) naively adopts the Edson theory in toto. 

Davis (6) describes the “grassy balds’” of the Black Mt. range but 
offersno theory. There is ‘no legend or evidence of Indian occupancy.” 

Fink (8) under the title, “A Forest Enigma,” holds that no theory 
yet advanced is adequate. He mentions the possibility of Indian origin 
only to point out what appear to him as unanswerable arguments against 
this idea. ‘‘Nor could they have been cleared by the Indians in pre- 
historic days for it would have been too gigantic a task, far beyond the 
possibility of their rude stone axes. Indian energy, or rather lack of 
it, would not have gone to such incredible labor without some vitally 
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compelling cause. And even had they done so in the centuries which 
must have elapsed, the clearings would have been completely re- 
forested.” 

Camp (3) from observations on one bald; viz., Gregory Bald, believes 
the balds due to “local exposure to hot and dry southwesterly winds in 
dry seasons—a local climate theory comparable to the ice storm idea 
mentioned earlier. 

Cain (1) goes no further than to assert that the grass balds must be 
“natural” phenomena but does not attempt to outline what the dif- 
ferential natural complex is which has produced them. 

Wells (17) discusses the problem but offers no theory. In a later 
preliminary note (18) he calls attention for the first time to the artificial 
nature of the grass balds since a high percentage of them occupy 
gentle south slopes near springs, which data together with observations 
in successional relations, point toward an Indian theory of origin. 
The present paper is an elaboration of this position. 

Wells (19) gives an account of Andrews Bald, using this bald as a 
basis for a very brief emphasis on the prehistoric human origin of that 
bald. 


DESCRIPTION OF GRASS BALDS 


Up to the present the isolated grass balds have not been seriously 
affected by modern civilization. The Federal high mountain roadway 
program will soon bring so many people to them that profound changes 
are certain to follow. In places such as Tennessee Bald the road will 
traverse the bald itself which will mean its destruction. It is thus 
highly desirable to record the salient facts concerning these ecologically 
interesting areas before their vegetation is destroyed in whole or in part. 

Because of the isolation of the areas, frequent visits were impossible, 
and time on the balds was highly limited. No claim is made for com- 
pleteness of the plant list, especially of the minor species. The few 
dominants, which are the significant plants in area control, have been 
very completely recorded. 

In the bald descriptions to follow, the plants in the grass bald areas 
proper are not only listed but ranked as to dominance on a 1-5 scale 
as follows: 1, dominant; 2, subdominant; 3, frequent or common but 
not subdominant; 4, uncommon but not rare; 5, rare or a few specimens 
only present. Plants attaining ranks 1-3 are few in number and are 
listed in the description with rank 4 and 5 plants listed by number 
referring to the plant list given below. So far as possible Britton and 
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Brown’s Flora of the Northern States and Canada has been followed 
in the matter of nomenclature. The location, altitude, month and 
year the bald was observed and approximate size are given for each 
bald, followed by the concise description. 
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PRELIMINARY Grass BALD PLANT LIST 


1. Achillea millefolium 17. Carex flexuosa 

2. Agrimonia gryposepala 18. Carex intumescens 

3. Agrostis alba 19. Carex normalis 

4. Agrostis perennans 20. Carex rosea 

5. Alsine media 21. Carex varia 

6. Anthemis Cotula 22. Cerastium viscosum 

7. Aquilegia canadensis 23. Chelone Lyoni 

8. Arctium lappa 24. Chrysanthemum leucanthemum 
9. Aster divaricatus 25. Cirsium discolor 

10. Aster patens 26. Corylus rostrata 

11. Aster oblongifolius ‘ 27. Crataegus iracunda 

12. Aster surculosus 28. Dactylis glomerata 

13. Aster Tradescanti 29. Danthonia compressa 

14. Azalea lutea 30. Dennstaedtia punctilobula 
15. Carex communis 31. Deschampsia flexuosa 


16. Carex crinita 32. Diervilla sessilifolia 
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75. 
76. 
77. 
78. 
79. 
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. Dracocephalum virginianum 
34. 
36. 
. Eupatorium urticaefolium 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 
51. 
52. 
53. 
54. 
55. 
. Kneiffia fruticosa 
57. 
59. 
. Lechea Leggettii 
61. 
62. 
63. 
64. 
65. 
66. 
67. 
. Monarda clinopodia 
69. 
70. 
71. 
72. 
73. 
74. 


Drosera rotundifolia 
Eragrostis spectabilis 
Erigeron ramosus 


Fragaria virginiana 
Gaylussacia orocola 
Gentiana quinquefolia 
Glyceria melicaria 
Gnaphalium purpureum 
Grossularia rotundifolia 
Helianthus decapetalus 
Hieracium aurantiacum 
Hieracium scabrum 
Houstonia purpurea 
Houstonia serpyllifolia 
Hypericum Buckleyi 
Hypericum punctatum 
Hypericum virgatum 
Ionactis lineariifolius 
Juncus marginatus 
Juncus tenuis 

Kalmia latifolia 


Koellia dubia 
Koellia pyenanthemoides 
Krigia virginica 


Leontodon Taraxacum 
Leptilon canadense 
Lilium philadelphicum 
Lilium superbum 
Lobelia inflata 
Lysimachia quadrifolia 
Mesadenia atriplifolia 


Monarda media 
Nepeta Cataria 
Nothoholcus lanatus 
Oxalis stricta 
Oxypolis rigidius 
Panicum meridionale 
Pedicularis canadensis 
Penstemon brevisepalus 
Phlox ovata 

Phleum pratense 
Pieris floribunda 


80. 
81. 
82. 
83. 
84. 
85. 
86. 
87. 
88. 
89. 
90. 
91. 
92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 
100. 
101. 
102. 
103. 
104. 
105. 
106. 
107. 
108. 
109. 
110. 
111. 
112. 
113. 
114. 
115. 
116. 
117. 
118. 
119. 
. Verbascum Thapsus 
121. 
122. 
123. 
124. 
125. 


[July 


Plantago cordata 
Plantago lanceolata 
Plantago major 

Poa compressa 

Poa cuspidata 

Poa pratensis 
Polygonum aviculare 
Polygonum persicaria 
Polytrichum commune 
Potentilla canadensis 
Potentilla recta 
Prunella vulgaris 
Pteridium latiusculum 
Rhododendron catawbiense 
Rhododendron punctatum 
Rubus allegheniensis 
Rubus canadensis 
Rudbeckia hirta 
Rudbeckia laciniata 
Rumex acetosella 
Rumex obtusifolius 
Salix humilis 

Salix tristis 
Schizachyrium scoparium 
Senecio Smallii 
Sibbaldiopsis tridentata 
Silene virginica 
Solidago bicolor 
Solidago caesia 
Solidago hispida 
Solidago monticola 
Solidago nemoralis 
Solidago patula 
Solidago speciosa 
Stachys aspera 
Specularia perfoliata 
Trifolium pratense 
Trifolium repens 
Vaccinium corymbosum 
Vaccinium hirsutum 


Veronica officinalis 
Viburnum cassinoides 
Viola lanceolata 
Viola sororia 
Xolisma ligustrina 
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TRAIL BALD. Tennessee Ridge. 6000 ft. July, 1936. Along many 
hundred yards of the high trail on the boundary line between Haywood 
and Transylvania counties. With the mountain oat grass (Danthonia 
compressa) strongly dominant on and along the sides of the trail for 
extended distances, this trail bald together with many others like it, 
furnishes evidence for the human origin of the larger and broader balds. 
The grass originally appearing in the trail seems to be slowly encroach- 
ing on the narrow shrub borders transitional to the forest. So thick is 
the grass on the sloping sections of the ridge top trail that complete 
protection from gullying has been given. 

COLD MT. BALD. Haywood County, N. C. 5900 ft. 14 acres. Sept., 
1935. Extends along south side ridge top near and on east side of 
peak; includes a gap. 1—Danthonia compressa; 2—Potentilla canaden- 
sis; 3—Achillea millefolium; 4—9, 12, 38, 40, 47, 60, 51, 57, 72, 104, 
105, 107; 5—24, 36, 92, 97, 109, 120. Bounded below by shrub bald 
zone (Vaccinium corymbosum dominant), transitional to Quercus bore- 
alis forest. Above just over ridge top Crataegus sp., dominant Quercus 
borealis and at the gap Fagus grandifolia. Evidence of fire in last 5 
years. Spring near bald, lower side. 

An old mountaineer met on this bald stated that he could discern no 
noticeable change in the relative size of the grass and shrub areas in 
the 50 years he had been visiting the bald for blueberries. 

Cold Mt. with its twin peak, Shining Rock, both having balds was 
called ‘‘Datsunalasgunyi” by the Cherokees. 

ANDREWS BALD. Smoky Mt. National Park, Swain Co., N. C. (Fig. 
2). Roughly square in outline, 5860 ft. Reported as 75 acres. Prob- 
ably an overestimate. July, 1925. On gentle southwest slope at end 
of high ridge 2 miles south of Clingman’s Dome. An extraordinarily 
large and fine example of the ancient herbaceous balds originated by 
the Indians. Strongly dominated by species of Carex with the em- 
phasis on the upper and west sides shifting to the single species Carex 
flexuosa because of higher soil water. The sedge cover on this bald was 
the thickest of all seen; the sod very deep and heavy. Plants of the 
middle and lower area: 2—Carex varia, C. radiata; 3—Carex flexuosa, 
Potentilla canadensis; 4—9, 16, 19, 20, 22, 29, 35, 38, 41, 64, 99, 112, 
124; 5—30, 47, 48, 49, 73, 78, 84, 91, 93, 122. In an earlier note (19) 
too great an emphasis was given to the oat-grass; this bald is fundamen- 
tally a sedge bald. 

This expansive area is dotted with a few widely scattered relict shrubs, 
Viburnum cassinoides and Ribes rotundifolium being prominent. East 
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side bounded by a tree covered declivity near ridge top: north side by 
balsam-spruce climax with Rhododendron catawbiense along the 
ecotone: west side balsam-spruce with mixed shrub border grading 
into low Rubus: South side balsam-spruce with Glyceria and heavy 
Carex at one part indicating an almost marshy character of the bald 
here. Good spring near southwest corner of the bald. No evidence 
of recent fire or grazing. 

MT. STERLING BALD. Haywood Co., N.C. (Fig. 3). 5800ft. Small 
rectangular bald 100 x 350 ft. lying on gentle western slope near top of 
the mountain, long axis parallel to contour lines. June, 1935. Notable 
for the high dominance of Carex fleruosa to be correlated with its wet 
soil character due to drainage from the balsam-spruce above. The 
central body of the bald shows: 1—Carex flexuosa; 2—none; 3—Poten- 
tilla canadensis, Viola sp., Fragaria americana; 4—18, 19, 22, 83, 95; 
5—14, 28, 67, 78, 104. On the margin socies of Gaultheria procumbens, 
Dennstaedtia punctilobula, and Polytrichum sp. were noted, also Carex 
lucorum. This bald is completely surrounded by the balsam-spruce 
climax. A spring is located a few yards from the lower trail entrance. 

A bare area (Fig. 4) made on this bald on the tent site of Dr. H. L. 
Blomquist of Duke University during the summer of 1933 shows little 
seral progress. Rumezx acetosella had appeared forming a marginal ring; 
the center was bare after two years. 

ROAN BALD, N.C. Tennessee line near Bakersville, N.C. (Fig. 5) 
5800 ft. Extends along ridge east of Carvers Gap, at present involving 
many hundred acres (most estimates 1000). Not visited since 1926. 
The relative dominance was not noted at that time. The common 
plants were Danthonia compressa, Poa compressa, Trifolium repens, 
Potentilla canadensis, Houstonia serpyllifolia, Polytrichum commune, 
Veronica officinalis, Rumex acetosella, Deschampsia flexuosa, Agrostis 
alba. 

This is probably the largest high mountain grass area in the Southern 
Appalachians. All evidence indicates, however, that it owes its present 
large size to the activities of the early white mountaineers who de- 
stroyed large areas of forest for grazing purposes. The high North 
Carolina—Tennessee ridge at this point is unusually broad and flat- 
tened, making an extensive grazing area posssible here. Relict buck- 
eyes (Aesculus octandra) were scattered on the lower slopes (Fig. 6). 
The limited area on the nearly flat top was the probable site of the orig- 
inal Indian bald. Here the Danthonia grass makes a heavy sod and 
the original bald must have closely resembled a bald like Gregory which 














1937] SouTHERN APPALACHIAN Grass BALDS 9 


occupies a similar site. On the south slope the uncommon Alnus 
Alnobetula forms a thicket community. The surrounding forest border 
is of hard-woods of which beech and northern red oak are prominent. 

This bald and its nearby forested peak (now cut over) were visited 
by the early taxonomists—Gray, Lamson-Scribner (13), Curtis, Buck- 
ley, and Chickering (5), none of whom discussed the probable origin 
and maintenance of such a grass area. 

Lanman (14) reports an Indian tradition which tells of 3 great battles 
which were fought on this mountain, the Catawbas winning against the 
Cherokees. After these battles the Great Spirit caused “the forest to 
wither from the 3 peaks.” Such a legend is an indication of the great 
antiquity of the bald. 

SHINING ROCK GAP BALD. Haywood Co., N. C. (Fig. 7) 5700 ft. 
July, 1935. Two acres in the gap and extending up lower southwest 
slope. Gives way to shrubs on upper half of slope except for 2 small 
pure grass areas (1) a local level place, 30 ft. in dia. and (2) and acre- 
size area on the mountain top. Gap bald, 1—Danthonia compressa; 3— 
Houstonia serpyllifolia, Vaccinium corymbosum (relicts). 4—4, 32 
(marginal), 47, 56, 89, 93, 95 (marginal), 99; 5—17, 66 (marginal), 
71, 77. The upper two local balds are in almost pure mountain oat- 
grass broken by shrub relicts. The shrub bald ecotone to the forest is 
of an open type on the higher more gentle slope and massed on the lower 
steeper south-facing slope. Kalmia latifolia and Rhododendron cataw- 
biense are the most abundant with Pveris floribunda represented. 
Beyond the shrubs is Quercus borealis and in a few places the shrub 
bald makes contact with the vast successional community of Prunus 
pennsylvanicum. On the higher side the grass and shrub areas are 
bounded by the quartz rock wall dike which gives the name to this 
peak. An excellent spring is located very near to the gap bald. 

The shrubs of the upper slope and top are chiefly the blueberry 
(Vaccinium corymbosum) making this mountain one of the largest 
“berrying grounds” in the region (Fig. 8). The open character of the 
shrubs is due to this activity, the interlocking paths having grown up 
in oatgrass, a fact extremely significant in the problem of bald origin. 

BUNCHES BALD. Haywood Co. near Soco Gap. 5700 ft. A small 
rectangular bald of two acres at the ridge top on the south slope. 
Notable for the presence in it of the northern Hieracium aurantiacum. 
1— Danthonia compressa broken sharply in various small socies of fork 
dominants; 2—Achillea millifolium (socies); 3—Erigeron ramosus, Po- 
tentilla canadensis, low Rubus sp., Chrysanthemum leucanthemum; 4— 
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3, 22, 38, 45, 47, 71, 75, 76, 91, 99; 5—7, 60, 88, 104, 106, 117. The 
weedy character of this bald indicates recent disturbance in relation 
to the lumbering going on in the vicinity. 

Bounded by a marginal shrub-community of Vaccinium corymbosum, 
Lyonia ligustrina and Azalea calendulacea. Also Pteridum latiusculum 
prominent. Back of the shrubs the Quercus borealis consociation sur- 
rounds the bald. 

WEST ROUGH BUTT BALD. Boundary line between Haywood and 
Jackson counties. 5700 ft. June, 1936. Two almost contiguous 
areas of 5 acres each on west sloping ridge leading down from Rough 
Butt Mt. Lower bald of the two on a broad, gently rounded ridge 
top. Dominated by an almost pure stand of Poa compressa. 2— 
Houstonia serpyllifolia; 3—Potentilla canadensis. Bounded by mixed 
Picea rubens and Quercus borealis. Indications of heavy grazing. 

TENNESSEE BALD. At junction of boundary lines of Haywood, 
Transylvania, and Jackson counties. June, 1936. 5622 ft. Six 
acres. A narrow rectangular bald occupying gap extended along gap 
ridge top lying on the long grade east slope, immediately below ridge 
top. 1—Poa compressa; 3—Potentilla canadensis, Houstonia serpyl- 
lifolia, Juncus tenuis; 4—1, 99,121. The upper }-3 of the treeless area 
is in shrubs with Vaccinium corymbosum dominant. Upper boundary 
Quercus borealis with some Picea rubens; the lower boundary Betula 
lutea with a few Abies Fraseri, Prunus serotina and Acer spicatum. 
An excellent spring is found at the middle of the bald, a few yards into 
the forest. 

This gap bald was a well known one in the early days. A main 
trail crossed it and today as indicated above it is the junction of three 
counties. The Cherokees called it ‘““Tsunegunyi” and on it and its 
neighboring balds lived the great legendary hornet (or bird in another 
account) whose activities were described earlier. 

SILER’s BALD. N. C.—Tenn. line, Smoky. Mt. Park seven miles 
west of Clingman’s Dome. Aug., 1936. 5600ft. Five acres on south 
spur of Siler’s Bald Mt. beginning at mountain peak. This bald must 
be dealt with in three sections: 

East Section: The ridge top in Danthonia compressa with socies of 
Potentilla canadensis. The northwest slope below top in tall weeds 
and Rubus. Stumps of small beeches here showed recent cutting and 
fire. 

Middle Section: Apparently was originally the main bald. The 
south slope at present in Potentilla and Fragaria, a ruderal society 
coming in after the Danthonia grass had been killed by the early 1936 
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drought. North slope dominated by Solidago with socies of Helianthus. 
On the moist lower slope of the middle section Carex fleruosa dominates 
with much Rubus under three feet. 

West Section: Upper part at present chiefly in weeds, Rudbeckia 
laciniata, Fragaria americana, and Potentilla canadensis. Only two 
acres at base of bald with living Danthonia compressa. 

This bald among many others was severely affected by the spring 
drouth of 1936 changing the high dominance of the oatgrass over to a 
mixed weed community. 

HIGH SPRING BALD. N. C.—Tenn. line. Smoky Mountain Park. 
Five and a half miles west of Clingman’s Dome. One-fourth acre. 
August, 1936. 5500 ft. A small bald to be correlated with a good 
spring on south side just below the ridge top. At present largely in 
weeds with Phleum prominent indicating recent human interference. 
The high spring found here is to be correlated with the water indicat- 
ing Carex at east end, where subsoil drainage from neighboring ridge 
top passes on way to spring. 

THUNDERHEAD MT. BALD. N. C.—Tenn. line, Smoky Mt. Park, near 
top of mountain. 5500 ft. Ten acres. July, 1936. This grass bald 
is exceptional in its location on a rather steep slope and that slope has 
a northwestern exposure. Danthonia compressa was in complete con- 
trol and had been able because of the northern exposure of the site, 
to survive the 1936 spring drouth. It is bounded on its east side by 
a compact mass of Rhododendron maximum which extends up slope 
to the top of peak. A small oat-grass community 20 ft. in diameter 
covers the mountain summit. The western boundary is the high 
mountain hardwood forest dominated by Quercus borealis. 

SOco BALD. Haywood County, three miles from Soco Gap. July, 
1935. 5400 ft. One and a half acres on south rather steep slope just 
below top of Soco Bald Mt. A mixed bald with low shrubs scattered 
through grass areas. On a relative dominance basis the record gives: 
2—Danthonia compressa, Vaccinium corymbosum; 3—Senecio aureus; 
4—Lyonia ligustrina. Salix humilis, Erigeron ramosus, Pedicularis 
canadensis, Sassafras sassafras (noteworthy), Kalmia latifolia, Azalea 
calendulacea. On the upper or ridge top side the bald is bounded by 
low Fagus grandifolia, Azalea calendulacea, and low Castanea dentata. 
Below, Quercus borealis. 

This bald is introduced as a type of shrub bald containing enough 
grass to make its classification difficult. It is not a grass bald proper 
but represents a fire repressed shrub bald with a grass admixture. 

BLOCK HOUSE MT. BALD. Near N. C.—Tenn. line. Two miles from 
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Thunderhead Mt., Smoky Mt. Park. July, 1936. 5400 ft. Three 
acres of bald proper (without trees). One on north slope of peak and 
two on south slope. On the upper } of the latter the Danthonia com- 
pressa grass had been killed by the 1936 spring drouth and the area 
taken by weeds which in progressively decreasing size below gave way 
to the still living grass below. The north bald pure stand of oatgrass 
was unaffected by the drouth. The relative dominance of the weeds 
occupying the grass killed area was as follows: 2—Solidago patula, 
Potentilla canadensis; 3—Rumezx acetosella, R. obtusifolius, Aster sp.; 
4—Phleum pratense. The south bald is bounded on west by scrub 
Fagus grandifolia 1-4 ft. high on lower and east side by Quercus borealis. 
The north bald is entirely surrounded by beech. 

Of especial interest is to be found on the forested mountain slope 
below the bald a great development of oatgrass under the trees ex- 
tending down slope on the south side to Haw Gap, involving an area 
of 25 acres or more. Such an extensive grove of large old trees with 
almost pure grass beneath is very unusual in the high mountains. Its 
occurrence here may be ascribed to a combination of grazing and fire 
within historical times. The treeless areas above are regarded as true 
grass bald initiated by the Indians for game lures. 

BIG PISGAH RIDGE BALD. Haywood County line ridge near Mt. 
Pisgah. 5340 ft. Aug., 1935. Two acres. A grass bald bordered 
by Corylus rostrata. Of rectangular shape, its long axis is on the ridge 
top, the south slope exposure being slightly larger than the north. 
1—Danthonia compressa; 2—Potentilla canadensis; 3—Phleum pratense, 
Pteridium latiusculum; 4—24, 25, 57; 5—36, 66, 72, 91, 97, 99, 108, 
112, 116, 118, (relicts), 125 (relicts). 

Of especial interest on this and the following bald is the hazelnut 
(Corylus rostrata) border (Fig. 9) with a minor amount of Saliz humilis 
on the south side. On the north side this shrub is massed in a pure 
stand between the Quercus borealis forest and the grass and by short 
rhizomes is slowly encroaching on the grass area. The west end of 
the bald opening is already choked. This bald is unquestionably being 
transformed into a Corylus shrub bald. The environing forest is that 
of Quercus borealis. Probably a lure bald as to origin; no spring was 
found near it. 

LITTLE PISGAH RIDGE BALD. Near Haywood County line ridge, 
vicinity of Mt. Pisgah. 5330 ft. Sept., 1935. Only two small grass 
areas left amid the heavy Corylus, each roughly circular with diameters 
of 6 and 25 ft. respectively. The original bald opening was 8 acres. 
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1—Danthonia compressa; 3—Potentilla canadensis, Pteridum latius- 
culum; 4—Cirsium discolor, 5—Prunella vulgaris. This grass bald 
has been almost eliminated by the hazelnut, and gives an exact index 
as to the facts of the preceding. These two balds, now in transition 
from grass to shrub (Corylus), are the only ones of the kind noted. 
Quercus borealis surrounds the thick hazelnut community with some 
Kalmia and Crataegus. 

INDIAN GRAVEYARD BALD. On south slope of a low mountain near 
Tennessee Ridge at headwaters of Pigeon River. 5300 ft. Aug., 
1935. Four acres, roughly square in outline. At time visited the bald 
was dominated by Solidago patula, a successional stage following an 
earlier drouth. Scattered over this bald and in the surrounding forest 
as well were the mounds and depressions of a former extensive wind- 
fall. The mound axes are all parallel to the contour lines suggesting 
an artificial arrangement explained as ‘Indian graves’’ but in reality 
due to the uniformity of tornado wind direction. Danthonia compressa 
was developing between the masses of Solidago and was dominant on 
the mound tops. In addition to shrub relicts of Cornus asperifolia 
and Vaccinium corymbosum a few repressed trees of Robinia pseudo- 
acacia are presented, their presence made possible here by the relatively 
low altitude. 

On the west and south margins the bald is in contact with a vast 
area of Rubus and Prunus pennsylvanicum with no plants of these present 
in the bald. On the east border is found Fagus and Cornus, the con- 
tact sharp. On the upper or south side, Quercus borealis was dominant. 

LITTLE WAYAH BALD, Macon Co., near top of peak east of Nantahala 
Gap. July, 1935. 5000 ft. One-half acre on the southeast slope. 
Lower three-fourths of the opening in grass. 1—Danthonia compressa; 
3—Potentilla canadensis, Fragaria americana; 4—22, 36, 58, 77, 91, 
104; 5—1, 24, 60, 66, 71, 74, 95, 106, 120. The upper fourth of the 
forest opening is in shrubs of which the east half is in Saliz humilis, west 
half Kalmia and Azalea calendulacea. The bald is bounded by Quercus 
borealis with some Fagus especially on the west side. No spring near 
by. Apparently used as a lookout because of the proximity to the 
gap close by. 

SPENCE (OR SPENCER) FIELD BALD, N. C.—Tenn. line, Smoky Mt. 
National Park near Thunderhead Mt., lying between the headwaters 
of the west fork of the Little River and Gunna Creek. July, 1936. 
A long undulating ridge top bald a mile long and involving at least 40 
acres, including the broad main gap. Danthonia compressa normally 
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highly dominant but large areas of it on the south slope near the ridge 
top were killed by the 1936 spring drouth, being replaced by 1—Poten- 
tilla canadensis and 4—Prunella vulgaris. On the north slope the 
oatgrass was highly dominant 1—Danthonia compressa; 3—WSolidago 
spatula; 4—24, 99, 104, 121. An excellent spring is found near the 
gap on the south side. The south boundary consists of Quercus borealis, 
Aesculus octandra, and Fagus grandifolia. On the north side Aesculus 
is dominant with some Sorbus americana present. To the east on the 
ridge, relict trees of Acer saccharum. Quercus alba and Betula lutea 
are present in all stages of degeneration, under the combined attack of 
the axe, fire, grazing, and drouth. 

This bald has unquestionably been enlarged in modern times through 
the heavy grazing imposed upon it by the mountaineers. Its gap 
nucleus, however, dates back to the Indian days. 

CRABTREE BALD. Haywood Co., near Crabtree, N. C. (Fig. 10). 
July, 1935. 5280 ft. A recently developed bald of 20 acres on north 
slope of mountain from top down to the gap. 1—Poa pratense; 2— 
Agrostis stolonifera, Achillea millifolium; 3—Danthonia compressa, 
Oxalis stricta, Cerastium viscosum, Phleum pratense, Trifolium repens, 
Potentilla canadensis, Cirsium odoratum; 4—8, 28, 53, 99, 100; 5—78, 
80, 90. 

Scattered over this bald were relict specimens of Robinia pseudo- 
acacia in all stages of decay. Most of the trees were dead. One large 
mass of Corylus rostrata was noted near center and a few masses of 
Dennstaedtia fern. Above at the mountain top, the boundary forest 
was Fagus with Aesculus octandra relicts. Below the bald merged into 
a ridge meadow with abundant Chrysanthemum leucanthemum. 

This bald is entirely of recent origin and is introduced here as an 
example of a bald made by the white pioneers who were able to extend 
their grazing areas with fire aiding their axes. Such balds are, however, 
not common. 

BIG CHESTNUT BALD. On N. C.—Tenn. line peak in the Smoky Mt. 
Park at the head of Defeat Branch of Valley Creek. Sept., 1935. 
4970 ft. Forty-five acres. An irregularly shaped ridge bald lying 
chiefly on the south slope. Much disturbed in recent decades and 
invaded by weeds and blackberry. At the east end lies a restricted 
area of typical oatgrass bald. 1—Danthonia compressa; 3—Potentilla 
canadensis; 4—66, 107, Aster sp., Solidago sp.; 5—64, Lactuca sp. One 
large Acer saccharum tree stands in this grass area. 

In the vicinity of the ruins (chiefly a fallen-in chimney) of the old 
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Hall’s cabin was a ruderal community as follows: 1—Phleum; 3— 
Fragaria americana, Aster tradescanti, Rudbeckia laciniata; 4—1, 2, 8, 
72, 100. 

This bald opening is surrounded by Quercus borealis trees which at 
the very top of the mountain above the bald reach the unusual height 
of 40-50 ft. in spite of wind exposure. Castanea and Aesculus also 
present. 

GREGORY BALD. N. C.—Tenn. Line (Fig. 11). Smoky Mt. Park 
near west end of Park. Aug., 1935. 4948 ft. Seventy-five acres. 
This bald is one of the largest known. Roughly rectangular in shape, 
it is located on an unusually flat high prominence of the main ridge. 
It extends down on the north side but 20-50 yards while on the south 
side to fully 150-160 yards. 1—Danthonia compressa; 2—Juncus 
tenuis; 3—Muhlenbergia sobolifera; 4—22, 99, 102; 5—11, 24, 36, 42, 
47, 48, 65, 71, 72, 104, 115, 116, 117, 120, relicts of 14, 125, Vaccinium 
hirsutum and Aronia nigra. 

In the central region at the top is a rocky area of } acre with a weed 
community as follows: 1—Trifolium repens; 2—Polygonum persicaria; 
3—Polygonium aviculare, Juncus tenuis, Rumex acetosella. The north 
boundary is of scrub Quercus borealis with a transition zone of shrubs 
(Lyonia ligustrina, Vaccinium corymbosum and others). The south 
tree boundary is also of Quercus borealis, but higher trees in front of 
which is a broad transition zone of mixed shrubs. Especially note- 
worthy here was the occurrence in large masses of the northern shrub 
willow Saliz tristis which made the contact with the grass while Vac- 
cinium corymbosum was next to the forest. 

This bald was famous among the Cherokees as being ‘““The rabbit 
place” (Tsistuyi). Here the chief of the rabbits lived. He was as 
large as a deer and ruled all of the rabbits of the Cherokee country. 

Camp (3) holds “that the area was not originally a pure grassy 
meadow but one with numerous shrub islands of various types and men- 
tions a tradition that this bald was “originally a blueberry meadow.” 
He thus believes it was ‘‘once dominantly a heath bald containing 
open spaces with a heavy covering of grasses, sedges, and other herba- 
ceous plants.” He (4) later rightly states that it “bears on its great 
wind swept dome the most striking and choice assortment of ericaceous 
genera and species of any of the grassy balds.”’ He found the hybridiz- 
ing of at least 3 species of Azalea result in a polyglot population almost 
impossible te unravel. 

OLD CAMP BALD. In gap 300 feet below Little Wayah Bald, near 
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Nantahala Gap. July, 1935. 4700 ft. One and a half acres. The 
undisturbed 3 of this bald was dominated by oatgrass and closely 
similar to Little Wayah Bald nearby. Of especial interest was the 
composition of a semi-weedy disturbed area, the site of an old cabin 
and corral. 2—Salix humilis; 3—Fragaria americana, Solidago sp., 
Danthonia compressa; 4—Prunella vulgaris; 5—Diervilla sessilifolia. 
The bald opening was closely surrounded by a Quercus borealis forest. 

The significant fact here was that of the reinvasion of the oatgrass 
into the weed community. Every indication pointed to the gradual 
restoration of dominance to this plant. 


GENERAL DISCUSSION 


The observation that typical bald communities had appeared on 
many hundreds of yards of the high ridge trails, was the basis for the 
idea that the prehistoric grass balds must have had a similar origin to 
the perfectly evident origin of the unrecognized linear balds of the 
trails. These trail balds, of which examples on Tennessee Ridge and 
Shining Rock Mt. (Fig. 12) have been described, could have had no other 
origin than that of the succession which took place after the trail 
became sufficiently unused to make possible the appearance in it of an 
herbaceous community. Fire conducting itself along a ridge-top and 
confining itself to the trail and immediate trail border is of course an 
absurdity. 

The pioneer dominants must have been herbaceous for in many 
places on sloping ridge tops these bald trails are sunken, indicating a 
degree of use and weather erosion which eliminated the reproductive 
parts of woody plants, rhizomes, stolons, and seedlings. Following a 
brief weed-like pioneer stage initiated commonly by Rumez acetosella, 
these trail areas went over to a high dominance of the mountain oat- 
grass (Danthonia compressa). In many places, this remarkable grass 
seems to have extended its range laterally at the expense of the narrow 
zone of shrubs which commonly is found transitional to the all-environ- 
ing forest. 

From the trail bald it is a simple logical step to realize that the 
broader local areas recognized as “‘grass balds’’ must have had a similar 
origin though severe and intensive local human interference which as 
will be shown later, must occur, to initiate an herbaceous succession in 
contrast to the usual woody succession following fire or lumbering. 
These ancient grass balds such as Andrews and Siler’s in the Smokies 
and Cold Mt. and Shining Rock in the Balsams are then essentially 
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expanded trails. Antidating, as most of them do, the coming of the 
white man, they unquestionably owe their origin to sufficient intensive 
local and continuous destruction of the woody vegetation to make 
possible the advent of an herbaceous complex, progressing rapidly to 
the stable Danthonia community on mesic soil habitats or Carex on 
wet ones. Having attained dominance these perennials with and ap- 
parently without the aid of fire are able to compete successfully against 
the woody plants. 

Camp’s (3) data on Gregory Bald (given previously) strongly sup- 
ports this theory, though he does not use it as it is interpreted here. 
His movement from shrub to grass is due he believes to “hot south- 
westerly winds.” 


INDIAN CAMP SITES 


It may now be clearly understood why 15 of the 22 old balds de- 
scribed herein are found on gentle warm south-facing slopes of high 
ridge tops, gaps or knobs, just above or near to springs. These are 
interpreted as summer time camp sites where the Indians may have 
gathered in large numbers for it is known that they preferred the ridge 
trails for hunting and travel over the stream side ones. Truett (16), 
a student of trade and travel before 1830, states: 

“In the mountain and hill country the trails usually led along higher 
ground and ridges where the undergrowth was not so dense and where 
there were fewer streams to cross. The trails along ridges also afforded 
good opportunity for sighting game and enemies. These two factors 
determine to a great extent the location for paths.” 

The Southern Appalachian ridges are so massive that ascent and 
descent on the same day leaves little time for hunting or any other 
activity including ecological note taking (as the writer repeatedly dis- 
covered), hence the development of local high mountain camp sites 
would prove a real need for the Indian hunters. It is entirely probable 
that during the summer the women and children for varying periods 
would be taken to such camp areas. Further the large balds may have 
been refuges for large numbers of Indians in time of war. 

Some of the balds which in the mind of the writer were originally 
major Indian summertime camp sites are: Shining Rock, Andrews, 
Tennessee, Siler’s, Spence Field (near Thunderhead Mt.), Big Chestnut, 
Gregory, Roan. There are numerous minor grass balds such as High 
Spring Bald earlier described which were unimportant as a camp site 
but were significant as a meeting ground at the highly placed spring. 
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It must be stated that springs located near ridge tops are not frequent 
in the Southern Appalachian Mountains. In the eastern and more 
rugged half of the Smoky Mt. Park there are only a few places where 
water may be had convenient to the high trails. 

The sharp angular character of the boundary of certain balds such 
as may be seen at Andrew’s and Mt. Sterling balds, has a highly arti- 
ficial appearance. In both of these, sharp right angles occur in the line 
of contact between balsam trees and the grass. No set of natural fac- 
tors would be so arbitrary in a boundary line. 

In contrast, a most important early trail crossing; viz., Indian Gap 
on the main Smoky ridge over which passed one of the great Indian 
war trails formerly showed but a few square yards of grass developed 
at the sharp ridge top. And no water is to be found within many 
hundred feet. 

As to the time these camps were occupied nothing is known from the 
early records. The ‘‘between the lines’ inference in the Cherokee 
legends is that the balds far antedated the 18th Century Cherokee. 
Their actual origin probably goes back many centuries before the ad- 
vent of the white man and they may be relicts of a culture and of habits, 
about which the Cherokee of the DeSoto and Bartram periods knew 
nothing. 


GAME LURES 


After publishing a preliminary note (18) on the Indian theory of 
grass bald origin, the writer learned from Mr. Arthur Stupka, Smoky 
Mt. Park naturalist, an additional line of evidence. Near the Mt. 
Sterling Bald (previously described) Mr. Stupka met an old mountain- 
eer, who reported that his grandfather had been told by the Indians 
that the Mt. Sterling Bald had been made by the Indians for a game 
lure. Deer and wild turkeys would be tempted into the opening and 
be easily shot with bow and arrow from the deep shadows of the en- 
vironing balsam forest. 

This contribution is especially interesting in light of the fact that the 
Mt. Sterling Bald is a wet bald dominated by Carez fleruosa and would 
in wet seasons be unfit for camping purposes. 

Another bald of this probable origin and purpose is one located on 
the slope of the ridge between Clingman’s Dome and Siler’s Bald which 
from its shape may be known as Square Bald. These game lure balds 
unadapted for camping are few in number. 
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LOOKOUTS 


A third type of bald is located near or on sharp summits and which 
seem to have been little more than lookout stations. Such a one is 
the small bald at the top of Blockhouse Mt., a neighboring peak to 
Thunderhead Mt. in the Smoky Mt. Park, but not on the main high 
N. C.—Tenn. ridge. This bald faces to the nearby main ridge and 
also overlooks the Gunna Creek valley. It would be most reasonable 
to regard such a small bald as a signal station. Similar small balds 
near the top of such strategic peaks as Shining Rock, Cold, Bunches, 
and Wayah seem to find their proper classification in this category. 


OBJECTIONS TO INDIAN THEORY ANSWERED 


Only two students mention the Indian in connection with the balds, 
only to eliminate him from the picture. 

Fink (8) believes they “could not have been cleared by the Indians 
in prehistoric days for it would have been too gigantic a task far beyond 
the possibility of their rude stone axes. Indian energy, or rather lack 
of it, would not have gone to such incredible labor without some vitally 
impelling cause. And even had they done so in the centuries which 
must have elapsed the clearing would have been completely reforested.”’ 

If we are careful to subtract the marginal areas on many of the balds 
which were made by the white mountaineer and his cattle and horses, 
we do not have a “gigantic” task to clear what is left. The original 
balds were unquestionably at first highly restricted expansions of the 
trails at these strategic points which through decades of use and slow 
destruction of trees and shrubs for fire wood expanded to the size at 
which the white mountaineer found them. The rude axe of the Indian 
plus many decades, or even centuries, of time could easily have enlarged 
the balds to the size first noted by the white men. As has already 
been shown, shrub bald areas may apparently be reduced to grass with 
the aid of criss-cross trails alone, though in many of the very open balds 
such as Andrew’s, mass camping would be indicated to account for the 
extreme reduction of the woody plants. Such mass activity could 
easily have occurred in the summer period in relation to hunting or 
large war parties. 

That under abandonment the balds would have been reforested, 
does not follow. All the evidence indicates that at the higher altitudes 
balds are completely resistant to invasion. The competition of the 
remarkable oatgrass is too severe for the woody plants. This grass 
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(Danthonia compressa) is confined to the high altitudes where on mesic 
sites, it competes so successfully with all other herbaceous plants as 
to reduce them to very minor elements of the population. 

Davis (6) merely asserts that there is no “legend or evidence of 
Indian occupancy.” This is a correct statement insofar as historical 
records go. The absence of such evidence in early records, however, 
may only mean that most early visitors to the Cherokee region never 
raised the problem of bald origin. Ecological concepts were of little 
concern to the early naturalists. There is little hope of getting any 
help on the problem from old records. But this lack does not detract 
to any degree from the purely ecological evidence presented in this 
study. 


NEGATIVE EVIDENCE 


The great single fact which constitutes strong negative evidence is 
that the subsere following fire, lumbering, or these two combined is 
initiated and developed by woody plants. At the higher altitudes in 
the balsam-spruce areas following the destruction of the forest the 
familiar fire cherry (Prunus pennsylvanicum) appears like magic from 
its long-viable seeds and by means of root crown shoots preserves its 
dominance under repeated fire. In the shade of this seral dominant, 
the balsam and spruce return. Often associated with this tree as sub- 
dominants are the bramble (Rubus allegheniensis and often the thorn- 
less R. canadensis) and the red elder (Sambucus racemosus). 

This successional forest may be observed today covering many square 
miles of the high Balsams where it came in some 17 years ago following 
the removal of the forest with succeeding fire. And nowhere is there 
any evidence of any part of this vast deciduous successional cover 
giving way to a weed or a grass complex without the additional inter- 
ference of man. 

A similar relation holds at the slightly lower altitude or in the north- 
ern red oak (Quercus borealis) zone contiguous to the balsam-spruce 
with the difference that the bramble and other shrubs such as Corylus 
tend to gain control quickly and hold it until the trees are slowly 
replaced. 

Thus it may be stated categorically that if fire alone can produce a 
mountain grass bald, vast areas of the high Southern Appalachians 
would be in such balds. Yet the grass balds are but mere dots scat- 
tered widely over the vast mountainscape. 

This important line of evidence together with the positive evidence 
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given earlier, constitutes strong support for the theory that the recog- 
nizably old or prehistoric grass balds are aberrant climaxes initiated 
through human interference (disclimaxes of Clements) which persist 
because of the highly competitive nature of the dominant grass in 
resisting encroachment of the woody vegetation at high altitudes. 

It is worthy of record here that the dominant grass of the ecologically 
puzzling western high mountain deer parks, is a close relative of the 
eastern bald dominant; viz., Danthonia californica var. unispicata. 
Whether or not the theory developed in this paper could be made ap- 
plicable to the western areas is for the consideration of those who know 
those openings better than does the author. 


RECENT HUMAN INTERFERENCE 


The influence of the white mountaineer on the balds has been through 
his use of these areas for grazing. In many cases by the use of his 
axe in addition to his stock, he has measurably enlarged the original 
balds. An excellent example of such a greatly enlarged bald is that 
on Roan Mountain which covers many hundred acres. It is interesting 
to note that those balds which show evidence on their margins of recent 
deforestation accompanied by grazing, are located at or near accessible, 
broad gaps, where the old mountaineer cross-ridge trails passed. 
Spence’s Field near Thunderhead Mt. is another such bald enlarged 
and extended along the ridge by the mountaineer and his cattle. 

More rarely a bald may be encountered which has been entirely initi- 
ated by the early native whites. Crabtree Bald, described earlier, is 
such aone. A few relict trees which survived the axe and fire are scat- 
tered over it in all stages of deterioration. Unlike nearly all of the 
larger balds, this one is on a north facing slope. The surest criterion, 
however, is the depth of the sod which in a bald of recent origin is 
notably thinner than in an ancient Indian initiated type such as An- 
drew’s. The dominant Kentucky blue-grass, together with the rela- 
tively high dominance of a number of weeds, presents on this “bald”’ 
a completely different picture from that of the undisturbed true bald 
on which the mountain oatgrass or sedges are almost pure dominants. 


RESPONSE TO GRAZING 


The degree of grazing on the balds is most accurately indicated by 
Juncus tenuis, the path rush. On a heavily grazed and trampled area 
like that of Gregory, the rush attains a rank of 2 or that of a true sub- 
dominant with a marked suppression to a rank of 4 to 5 of the other 
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weed elements of the community. Andrews Bald shows no Juncus 
whatever. On the 3 acre at the top of Gregory where the cattle gather 
at night with consequent eliminating of the grass, a destructive ruderal 
flora and dominance is to be noted. 

With the cessation of grazing, no matter how severe the destruction 
of the grass, the seral progression is toward the Danthonia disclimax. 
However, short or long the intermediate weed-like stages are they are 
for the most part highly successful in holding the areas against the 
woody plants. 

It is interesting to note that a few of the pioneer weeds are able to 
persist in the mature Danthonia or Carex communities in a highly sup- 
pressed state, ranking only 4 or 5. 

On Old Camp Bald, described earlier, on the site of the former corral 
where the vegetation must have been practically eliminated, the oat- 
grass was returning and entering into competition with the wild straw- 
berry and the Salix humilis, which had been able to establish itself on 
the disturbed area. How long the pioneers or later herbs other than 
the oatgrass hold these disturbed areas is not known. The Indian 
Graveyard Bald has apparently been for a number of years dominated 
by the perennial Solidago canadensis which gained ascendancy during 
a drouth year. The only places where the oatgrass was making a suc- 
cessful ecesis was on the mound summits. In time, the oatgrass would 
regain dominance over the area. 

The Big and Little Pisgah Bald, which are rapidly being eliminated 
by Corylus rostrata moving into them from the margins by means of 
rhizomes, present a problem. Why have not all of the grass balds 
long ago been taken by the hazelnut? The answer is to be found, we 
believe, in two facts: (1) The low altitude of these balds making con- 
tact with the hazelnut climatic zone and (2) the heavy grazing these 
balds have had in recent years weakening the grass in its competition 
with this one shrub which was unmistakably and rapidly erasing the 
herbaceous community from the local mountain picture. 


THE DROUTH CYCLE 


A severe drouth occurred in the early summer of 1936 which resulted 
in the death of the oatgrass (Danthonia compressa) over relatively large 
areas of many of the balds. Only where a shower had fallen in time 
or where the soil depth or other soil factors had made possible the per- 
sistence of available water had the grass remained alive. The Smoky 
Mt. Park balds suffered move severely than did those in the Balsams. 
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The initiation of the subsere following the death of the dominant 
grass was carried out by a few species of weed-like plants (Potentilla, 
Fragaria, Solidago), which as highly suppressed perennials under the 
subsequent rains and the removal of the root competition rapidly de- 
veloped into maximum sized plants. These seral communities of ru- 
deral aspect in a few years give way again to the oatgrass and the 
disclimax grass community is restored until the next drouth occurs. 

One very instructive situation was observed on Block House Moun- 
tain Bald. The grass near the ridge top had been killed en masse but 
lower down the slope it had survived the drouth. Over the killed 





Fie. 138. D1IAGRAMMATIC DEMONSTRATION OF INTENSITY OF COMPETITION 
Set up BY THE Oat Grass 


At left, the response of the perennial goldenrod (S. patula) after the killing of 
the grass by drouth. Right, the repressed goldenrod in area of surviving grass. 


area Solidago patula had assumed control but in the transition region 
to the living grass, the plants of this perennial species became progres- 
sively reduced in size until those which were hidden amid the luxuriant 
living grass became so suppressed by competition as to bear only two 
or three leaves (Fig. 13). This observation furnishes concrete evidence 
of the highly competitive nature of the oatgrass. When it is observed 
that these perennial goldenrods are kept almost completely suppressed 
it may be realized how impossible it would be for a seedling plant of 
any kind to become established and the explanation for the non-ecesis 
of the woody plants becomes apparent. 
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SUMMARY 


Twenty-three local grass or sedge covered areas (“grass balds’’) in 
the high Southern Appalachians are described and the theory put for- 
ward that they could have come into existence only through human 
activity, presumably that of the Cherokee Indians. 

The Cherokee legends which indicate their presence in prehistoric 
times and the modern theories of scientists as to their origin (fire, ice 
storms, hot winds) and maintenance are given. 

The plant distribution is presented on a 1-5 scale of dominance, with 
an initial list of 125 species. Danthonia compressa (mountain oatgrass) 
is the most important species, being replaced as dominant in the occa- 
sional wet bald by Carex species, especially Carex flexuosa. 

The Indian origin theory is based in part upon the negative evidence 
that every natural destructive agent (uncontrolled fire, insects, ice) 
initiates a woody plant succession and not an herbaceous one. Also 
during recent millenia any natural factor or complex of factors that 
could initiate and maintain herbaceous balds would have reduced 
extensive areas of the high mountains to this state. 

The positive evidence is derived from the following facts: Most of 
the balds are on gentle south slopes of rounded ridge tops or gaps near 
high “bold” springs, indicating clearings for summer camp sites. A 
few are isolated on steeper slopes and have been reported (Mt. Sterling 
Bald) as having been made by the Indians for game lures and certain 
small ones on peak tops are to be interpreted as lookout points. 

A most important line of evidence is that observable on many of the 
high ridge trails, where long sections have developed the bald plant 
complex, showing that the grass community may appear only following 
a long and severe disturbance of the original vegetation at the soil level. 
A grass bald is in a sense an expanded trail. 

Following abandonment of these intensively disturbed areas, a 
ruderal or weed stage ensues, followed by the permanent grass (Dan- 
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thonia) or sedge (Carex) community. During drouth summers much 
of the grass may be killed and a new subsere initiated by the ruderal 
plants. The high mountain grass and sedge are able to compete suc- 
cessfully with the woody vegetation without the aid of fire, accounting 
for the maintenance of these artificial areas through centuries of time. 


NortTH CAROLINA STATE COLLEGE, 
Raeicn, N.C. 
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PLATE 1 
Fig. 2 (top). Andrews Bald. Note luxuriance of sedge cover, shrub relict and 
Lilium superbum at right. 
Fig. 3 (middle). Mt. Sterling Bald. Note sharpness of contact with the balsam 
forest. 
Fig. 4 (bottom). Camp site of Dr. H. L. Blomquist on Mt. Sterling Bald. Little 
revegetation in 2 years. 
PLATE 2 
Fig. 5 (above). General view Roan Bald. Largely recent in origin. 
Fig. 6 (below). Roan Mt. Bald. Note relict buckeyes. Chiefly recent in 
origin. 
PLATE 3 
Fig. 7 (above). Shining Rock Gap Bald. Note fire or pin cherry following 
logging and fire in the balsam area. No cherry whatever in the bald 
portion. 
Fig. 8 (below). Shining Rock Gap Bald (foreground). Shrub bald broken by 
blueberry pickers, grass developing in the trails. 
PLATE 4 
Fig. 9 (above). Big Pisgah Bald. Note Corylus border encroaching laterally 
on grass area. Cirsium discolor along trail in foreground. 
Fig. 10 (below). Crabtree Bald. Recent in origin. Note relict trees. 
PLATE 5 
Fig. 11 (above). Gregory Bald. Note sharp contact with northern red oak 


Fig 


forest. Salix tristis in foreground. 
. 12 (below). Danthonia compressa dominant in trail. 
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NOTES ON MAYFLIES OF THE SOUTHEASTERN STATES 
(EPHEMEROPTERA) 


By Jay R. TRAVER 
PLATE 6 


A six-weeks collecting trip in the southeast,* during the latter part of 
May and the entire month of June, 1936, yielded much material, an 
account of which is herewith presented. Seven new species are de- 
scribed. Notes on the life history and ecology of previously-known 
species, and descriptions of hitherto-unknown stages in the life history 
of others, comprise most of the remainder of the paper. Twenty-one 
species are added to the list of known North Carolina mayflies. Of the 
fifteen species reported from Alabama, fourteen are new records for the 
state. In addition, new records for the occurrence of certain species of 
mayflies in other southeastern states are presented. 


NORTH CAROLINA 


Most of the collecting and rearing of specimens was done in the 
Appalachian region of North Carolina, and in the north-central portion 
of Alabama. In North Carolina, headquarters were established at 
Valle Crucis School, Valle Crucis (May 24-June 10), and at Penrose 
(June 11-June 24). From these points, many trips were made to adja- 
cent areas. Nymphs collected elsewhere were brought back to head- 
quarters for rearing. It was possible to keep rearing cages containing 
the nymphs in one of the small streams flowing through the valley, at 
Valle Crucis, and under a fortunate leak in a pipe line leading from a 
small mountain stream at Penrose. There were no casualties from 
floods during the past season’s collecting, nor were the cages disturbed 
by too inquisitive humans. 

In the Valle Crucis region in which collections were made, drainage is 
largely northwestward into the Watauga River; however, streams near 
Sugar Grove flow northward into the New River, while the North Toe 
and the Linville Rivers flow southwest and south respectively. Some 


* This trip was made possible by reason of a grant from the American Asso- 
ciation for the Advancement of Science. 
27 
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of the species found in the Watauga River drainage are the same as 
those known to occur as far north as New York; others have been taken 
only in North Carolina or southward. While much new territory was 
covered on this collecting trip, many of the same streams were visited 
in which I had found good collecting in previous seasons. 

In this connection, the condition of certain of the streams visited, as 
compared with those same streams in the summers of 1929 and 1930, 
may be of interest. Thus the Tuckaseegee River below Dillsboro is 
now practically devoid of all aquatic insect life, due to pollution of the 
stream by industrial wastes. Ona pleasant warm June evening spent at 
Bryson City, through which town the river flows, not one stonefly, cad- 
disfly, nor mayfly was to be found in the town or above the stream. 
One glance at the dirty, seum-covered black water was sufficient answer 
to our query as to their absence. In 1929, the stream still afforded 
fairly good collecting. Portions of the Davidson River, where gravel 
and sand are being excavated, yielded little or no aquatic life. The 
lower reaches of the North Fork of the Swannanoa River are reduced 
to a barren waste, due to silt pollution from similar excavating activities. 
The main stream of the Swannanoa was likewise a very poor collecting 
ground in 1936, although many specimens were taken there in previous 
years. The probable reason for this was not ascertained. 

The entire area of the Great Smoky National Park is here considered 
under North Carolina, although certain of the specimens were taken 
from the Tennessee portion of the park. Likewise a few specimens 
taken at Trade, Tenn., just across the border from Sugar Grove, are 
listed under North Carolina instead of Tennessee. 


Family EPHEMERIDAE 
Subfamily Ephemerinae 
Genus Hexagenia Walsh 


*Hexagenia marilandica Trav. 

This species has not been reported previously from North Carolina. 
Nymph skins in abundance were found floating on the surface of the 
water near shore, at Lake Lanier, N. C. (This is a large artificial lake 
south of Tryon, almost on the North Carolina-South Carolina line.) 
A single male subimago was captured as it rested on a clump of reeds 
beside the shore, before taking flight. It failed to transform to the 


* Species for which no references are given are treated fully in the Biology of 
Mayflies,—Needham, Traver, Hsu, 1935; Comstock Publishing Co. References 
for other species are indicated. 
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adult stage. No other adult specimens were obtained, in spite of an 
extensive search of trees, shrubs and low herbage near the lake shore. 


Nymph (described from nymph sloughs). Body (including tusks): 
female, 40-42 mm.; male, 27 mm. Tusks slightly longer, more slender, 
and less sharply upturned than in the nymph of H. carolina Trav. (see 
fig. 16); frontal process of head of female more dome-shaped, not as 
conical as in the latter species. Head and thorax dark red-brown 
above; wing-pads deep blackish brown (somewhat darker than similar 
areas of carolina). Gills and gill-fringes deep purplish. Color and 
markings of body cannot be determined from nymph slough. In gen- 
eral, this nymph is slightly larger and stouter than carolina, a condition 
which is especially evident in the female. 

Male subimago (dried). Body 21 mm.; wing 16 mm. Resembles 
H. marilandica in abdominal markings, in the very short distal joints 
of the forceps, and in the type of penes. In size, it is nearer to H. 
rosacea Trav., which species I had at first considered it to be. Since the 
single specimen is a subimago, the relative lengths of joints of the fore 
leg and the size of the eye cannot be compared satisfactorily with the 
types of either of these species. See record of this species also from 
South Carolina. 


Hexagenia kanuga sp. nov. 

Male imago (specimen in alcohol). Body 20 mm.; wing 163 mm. 
Head yellow. Median carina largely blackish; black spot at inner 
corner of eye, connected to black area on carina by a narrow black line. 
Ocelli black-ringed at base. Alabaster white areas on vertex and occi- 
put, next to eyes and behind ocelli; narrow red-brown markings on 
these white patches. Upper portion of eye bright yellow; lower portion 
black. Pronotum yellow; two wide brown submedian stripes. Meso- 
notum yellow; red-brown markings along lateral margins and anterior 
to wing roots; scutellum greyish black. Metanotum dark brown in 
median area, yellow laterally. Pleura yellow; a dark brown triangle 
on basal portion of mesothorax, anterior to middle leg; an oblique streak 
extends upward from this triangle to wing roots. Sternum yellow. 
Dark brown triangles anterior to middle legs are joined by a median 
dark area, to form a continuous dark ventral band; from this, two sub- 
median streaks extend backward almost to the metasternum. A pur- 
plish brown median patch on prosternum; metasternum largely dark 
brown. Fore legs missing, except trochanters, which are dark red- 
brown. Middle and hind legs yellow; claws and distal tarsal joints 
black, apex of preceding joint dusky. Wings hyaline. Costal strip of 
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fore wing stained with clear brown; pale at base, becoming more intense 
toward apex. A few cross veins in radial area basad of bulla are nar- 
rowly dark-margined; no large dark spots. Costa and subcosta brown; 
radius yellow-brown; other veins purplish black. In hind wing, outer 
margin purplish black in patches, the border thus discontinuous. 
Several cross veins widely dark-margined, so that 5 or 6 small dark 
spots are formed. 

Abdomen yellow, marked dorsally with blackish brown, with red- 
brown ventrally. Tergites 1 and 2 largely dark; pale lateral margins 
and a pair of small pale submedian spots on each. A continuous dark 
median streak the length of the abdomen dorsally; gradually widened 
apically. Lateral oblique streaks run from this stripe forward to an- 
tero-lateral margin, on tergites 3-7. On 8 and 9, these streaks are 
shorter, ending in pleural fold halfway from base. On 10, they almost 
attain the anterior margin. Ventrally, red-brown triangles occupy most 
of the median area of each sternite. The apex of each triangle reaches 
only about halfway from base to anterior margin, but a narrow reddish 
mid-ventral line extends the length of the abdomen. A pair of pale, 
clear, submedian spots on each sternite, enclosed by dark triangle. On 
each sternite, next to pleural fold, a short, reddish, transverse dash. 
Genitalia of the carolina type. Forceps and penes yellow, streaked 
with purplish black; tips of forceps darkened. Distal joints of forceps 
as in Ulmer’s figure* of typical H. limbata Guer. Tails largely yellow; 
beyond base, apical half of each joint may be brown; approximately 
every fourth joint is almost wholly brown. 

This species may be synonymous with limbata, which is imperfectly 
known. However, a specimen in the Cornell collection, from Kansas, 
is much closer to the original description of limbata than is this specimen 
from North Carolina. The Kanuga Lake male differs from limbata: 
(1) meso- and meta-thorax yellowish instead of brown; (2) small but dis- 
tinct dark spots are present in the hind wings; (3) brown markings of 
abdominal tergites are somewhat more extensive, especially on the 
basal segments. The ventral appearance of limbata is not indicated in 
the early descriptions, nor has it been described or figured in any more 
recent accounts. 

Four male subimagos and four female imagos taken at Florence, 
S. C., seem to be of this species. 

Female imago. Body 22-28 mm.; wing 20-22 mm. Body largely 
vellowish white. Longitudinal veins yellow, cross veins black, no dis- 


* 1921--Ulmer, Georg. Ueber einige Ephemeropteren-typen dlterer Autoren. 
Arch. f. Naturg. Abt. A, 6: 237, fig. 7. 
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tinct dark spots in wings; humeral cross vein infuscated in basal half. 
Basal abdominal tergites marked as in male, but paler. On all other 
tergites, a wide purplish black median stripe; faint traces only of the 
lateral oblique streaks, on tergites 3 and 4. Ventrally, a narrow black 
mid-ventral line on anterior half of each sternite is the only marking. 
Tails wholly yellowish. 

Holotype—Male imago. Kanuga Lake, near Hendersonville, N. C., 
July 6, 1935 (L. C. Thomsen). No. 1463.1 in Cornell University Col- 
lection. 

Allotype—Female imago. Florence, 8. C., May 16, 1929 (O. L. 
Cartwright). No. 1463.2 in C. U. Collection. 

Paratypes—Three female imagos, four male subimagos; same data as 
allotype. No. 1463.3-9 in C. U. Collection. 


Genus Ephemera Linn. 


Ephemera guttulata Pict. 

Another species reported for the first time from this state. This 
handsome and strikingly-marked Ephemera was fairly abundant at 
Valle Crucis. Adults were taken just after dusk, flying low over the 
creeks, upstream and back again, rather after the fashion of small drag- 
onflies hawking mosquitoes. Only a pale streak could be seen as one 
of them passed by. The dark-mottled wings contrast sharply with the 
white body, and are practically invisible in the twilight. Specimens of 
both sexes were obtained as they repeatedly passed forward and back 
above the stream bed; however, females were more numerous than 
males. Most of the specimens were taken May 25-27, although others 
were seen after that period. A nymph of this species was taken by Prof. 
Needham from Twenty-Mile Creek, Great Smoky National Park, 
on Apl. 3, 1934. 


Ephemera blanda Trav. 

More abundant than the preceding species, and evidently more widely 
distributed in the state. This species usually flies much higher than 
E. guttulata, but is taken at the same time, just after dusk. It is often 
found at some distance from any stream. Sometimes great numbers of 
E. blanda are seen flying above a highway, all going in the same direc- 
tion, and most of them too high to be taken in a net. Returning to 
Valle Crucis from Heaton, one evening just after sunset, we stopped the 
car to find out what insects were coming up the road toward us in such 
numbers. By leaping as high as possible, we were able to catch a few 
of the low-flying ones, which proved to be specimens of blanda. All 
that we caught that evening were males. Another evening, from just 
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before sunset until it was too dark for collecting, males and females were 
taken as they ‘danced’ above and along the shores of Wildcat Lake, 
a small lake near Banners Elk. Collections are as follows. Imagos: 
Valle Crucis, May 25-27, 1936 (J. R. T.) and May 30, 1935 (L. C. 
Thomsen) ; Wildcat Lake near Banners Elk, May 31 (J. R. T., L. C. T.); 
Heaton, June 2; Banners Elk, June 8; Cedar Mountain, June 13 (J. R. 
T., L. C. T.).. Nymphs: Valle Crucis, late autumn, 1934, and Oct. 1, 
1935 (L. C. Thomsen); Hazel Creek, Cataloochee Creek, and Twenty- 
Mile Creek, Great Smoky National Park, Apl. 3-7, 1934 (J. G. Need- 
ham). 


Subfamily Potamanthinae 
Genus Potamanthus Pict. 


Nymphs of this genus were found in the Davidson River, Pisgah 
National Forest, not far from the place where Oretanthus purpureus 
was first taken in 1929. Oreianthus nymphs inhabited the deeper, 
swifter portions of the river, beneath very large, flat rocks which could 
be moved but slightly and with much difficulty. Potamanthus nymphs, 
however, occurred in the shallower, less rapid waters nearer the bank. 
Although some dwelt in the fine gravel and sand in the lee of smaller 
rocks, others were clinging to the sides of the rocks, not loosening their 
hold when their support was lifted from the water. They seemed to 
prefer angular, sedimentary rocks in water not over one foot in depth, 
to which they clung, heads upstream, an inch or two above the stream 


bed. 


Potamanthus distinctus Trav. 

This species has not been listed hitherto from North Carolina. The 
nymph has not been described previously. I was able to rear a male 
and a female adult from nymphs, and thus to determine the species. 

Nymph. Body of female, 17 mm.; of male, 14 mm. Head deep 
red-brown with pale markings. Mandibular tusks of the type of P. 
rufus Ide*, but with fewer spines on the distal portions (see fig. 7). 
Anterior to median ocellus, a large, pale, mushroom-shaped spot, and 
two small lateral streaks at its antero-lateral angles. Small pale spot 
behind median ocellus. Large pale areas around eyes. Median line 
of occiput pale; pale transverse streaks along this line; two pale sub- 
median spots on hind margin. Eyes separated by a space approxi- 

* 1935—Ide, F. P. Life history notes on Ephoron, Potamanthus, Leptophlebia 


and Blasturus with descriptions (Ephemeroptera). Canad. Ent. 67: 121, figs. 
6, 6a, Pl. 4. 
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mately equal to three eye diameters. Thorax deep red-brown. 
Sagittate median mark on prothorax; lateral margins widely pale; a 
pair of submedian triangular spots, two pairs of pale submedian streaks, 
and smaller pale marks laterally. Mesonotum with many pale marks, 
principal of which are: two pairs of submedian marks, anterior pair 
elongated, posterior pair rounded; two pale spots on wing roots; four or 
five other pale spots between wing roots and anterior margin. 

Fore tarsus red-brown; wide blackish band at base, narrower dark 
band apically. Tibia yellowish; blackish median band, also narrow 
black streak on outer margin near base. Tibial spine quite short. 
Femur yellowish; wide blackish pre-apical band; apical flange dark; 
blackish band near base, on outer half only, connected along outer 
margin with pre-apical band. Long hairs on inner margins of femur 
and tibia; shorter spines on tarsus. Middle and hind legs yellowish. 
Base of tarsus dark brown; narrow dark band at base of tibia, dark pre- 
apical mark on outer margin; pre-apical and basal bands on femur, as in 
fore leg. Abdomen dark red-brown dorsally, yellowish ventrally. Pale 
dorsal markings of abdominal tergites 3-8 consist of a short, median dash 
at anterior margin, and two submedian triangular or conical spots on 
posterior margin, faint traces of 2 or 3 small dots near lateral margin. 
On tergites 9 and 10, submedian marks on anterior margin, in addition 
to the above. Sternites 3-8 each with a curved, brown, lateral mark; 
a pair of brown submedian spots near anterior margin; posterior to 
these, a pair of smaller dark dots nearer the median line. Gills pale 
purplish brown. Tails dark red-brown, paler distally. 

The mature nymph of P. distinctus is quite similar to that of P. 
rufus. Slight differences in the mandibular tusks, in the coloration of 
legs and abdominal tergites, and the presence of more extensive dark 
ventral markings, serve to distinguish it from the latter species. Adults 
of both sexes, in distinctus, possess blackish cross-veins in the wings; 
in rufus, wing-veins of both sexes are wholly pale, and eyes of the male 
are somewhat smaller. In both species, lateral ruddy markings occur 
on the abdomen. This reddish coloration of the adults fades very 
quickly in alcohol, so that the female of distinctus, which is so preserved, 
has already lost the ruddy abdominal markings, the median red stripe 
on head and thorax, and the ruddy tinges of the fore legs, which were 
present at the time of emergence. The two male specimens taken last 
summer are pinned, to preserve the ruddy coloration. It is probable 
that the female specimens to which I referred in a previous paper* 
as Potamanthus sp. No. 2, are P. distinctus. 


* 1932—Traver, J. R. Mayflies of North Carolina, Pts. land II. J. Elisha 
Mitchell Sci. Soc. 47: 110. 








34 JOURNAL OF THE MITCHELL Society [July 


Immature nymphs taken along with the mature ones just described, 
differ somewhat in the length of the tusks and in the maculation of the 
abdominal tergites. Color pattern of head is identical with that of the 
mature nymphs; leg pattern also similar, although the femora appear 
relatively stouter. Similar dark ventral markings are present. I am 
considering these nymphs to be of the species distinctus. An examina- 
tion of many specimens of nymphs of P. walkeri Ide, from the Potomac 
River at Brunswick, Md., leads me to believe that the color pattern 
of the abdominal tergites may be quite variable within the limits of a 
single species. It would seem that care should be taken to indicate the 
sex as well as the relative maturity of a nymph, when describing the 
color pattern. 


Subfamily Neoephemerinae 
Genus Oreianthus Trav. 


Oreianthus purpureus Trav. 

This unique species has been reported to date from three localities 
only, in North Carolina: the Mitchell River near Mountain Park, 
Surry Co.; the Tuckaseegee River at Dillsboro, Jackson Co.; and the 
Davidson River in Pisgah National Forest, Transylvania Co. This 
past summer I succeeded in rearing several male imagos from the 
Davidson River, so that nymphs and imagos of both sexes are now 
known. I note that, in previous descriptions of the nymph, no men- 
tion has been made of a pair of low, submedian tubercles on the anterior 
margin of the pronotum. The short, median spine or tubercle on the 
mesonotum, between the wing cases, was in error stated to be on the 
metanotum. 

Male imago (alcoholic specimen). Body 14 mm.; wing 14-15 mm.; 
tails 20 mm. Eyes large, rounded; not contiguous apically; separated 
by about 13 mm. Lower portion very small, blackish, quite distinct 
from the large upper portion, which is orange in color. Head and an- 
tenna purplish black; the latter with a whitish ring at base. Prono- 
tum deep purplish, lateral margins blackish; posterior margin quite 
deeply emarginate. Mesonotum deep red-brown; paler laterally, me- 
dian stripe somewhat paler. A cream-colored line along antero-lateral 
and postero-lateral margins, on each side; another pale curved line on 
each side, extending from just above the antero-lateral margin to a 
point anterior to the scutellum, thence backward on each side toward 
scutellum. Scutellum and preceding area piceous. A very small tu- 
bercle on median line, about the middle of the scutum. Posterior notal 
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wing processes produced backward somewhat beyond the scutellum; 
tips somewhat pointed. Metanotum purplish brown. Thoracic pleura 
deep red-brown, with numerous large pale areas; purplish red shading 
above and anterior to each leg. A wide purplish black streak extends 
forward from base of fore wing; a narrower and shorter blackish streak 
just below it; another black area anterior to middle leg. Sternum deep 
red-brown; middle of prosternum blackish; intersegmental areas pale. 

Fore leg not quite as long as body. Femur purplish red, paler basally, 
blackish apically; several small pale dots or streaks, on purplish median 
portion. Tibia piceous; tarsus somewhat paler than tibia, deep pur- 
plish brown. ‘Knee’ pale. Femur about ? as long as tibia, which is 
approximately } the length of the tarsus. Basal fore tarsal joint very 
short; second and third joints subequal; fourth joint slightly shorter 
than third; fifth joint about 3 as long as third. Middle and hind legs 
very similar to fore leg in coloration. Pale spots on femur more numer- 
ous; extreme base whitish. Knee area more conspicuously whitish. 
Tibia and tarsus concolorous, deep purplish brown; tip of tibia creamy. 
In hind leg, tarsus only a little more than } as long as femur; tibia very 
slightly longer than femur, fully twice the length of the tarsus. Dis- 
tal joint of hind tarsus about equal in length to basal and second joints 
combined. Third joint shortest, second slightly longer, basal slightly 
longer than second. Wing membrane very faintly milky in most speci- 
mens. Costal and subcostal spaces beyond bulla with an almost opaque 
white cloud, becoming paler at apex. In general, very similar to wings 
of female. Costal cross veins very weak, especially at base and in 
stigmatic area; in latter space, strongly anastomosed, dividing the 
area into two sets of cells, of which the outer series is slightly the smaller. 
All veins deep purplish black; longitudinal veins heavier than cross 
veins, costa, subcosta, and radius the heaviest. Humeral cross vein 
faintly purplish. 

Tergites and sternites deep purplish red, with numerous pale dots. 
Antero-median portions of tergites 2 and 3, and antero-median margins 
of tergites 4-6, pale. A black median streak on tergites 1 and 2; on 3-6, 
narrow black submedian streaks enclosing a paler median line; on 7-9, 
pale submedian streaks enclose a dark median line. Tracheae faintly 
etched in paler color. Posterior margins of all segments, both tergites 
and sternites, pale greyish white, so that abdomen appears distinctly 
annulate. Intersegmental areas likewise pale. These pale margins 
widest on sternites 6-8. Pleural fold deep purplish black, except at 
posterior and anterior margins; blackish shading on each side, on 
tergites and sternites. A blackish transverse streak across tergite 2. 
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Middle area of forceps base purplish red; lateral portions paler. Basal 
portion of forceps, penes, and lateral margin of tergite 10, pale yellow- 
ish white, shaded with purplish grey. Apical portion of forceps purp- 
lish grey. Forceps four-jointed, not three-jointed, as seemed to be indi- 
cated in the male nymph. The two distal joints very short; basal joint 
about ? as long as the second, distinctly concave on the inner margin, 
and bearing a protuberance at the inner apical angle (see fig. 8). Penes 
much as in Neoephemera bicolor McD. Tails very deep purplish black; 
in basal portion, a very narrow and inconspicuous paler ring at each 
joining. All three tails subequal in length. 

Male imago (dried specimen). Eyes deep purplish red. Entire 
thorax deep mahogany brown, very shiny. Pale areas on pleura quite 
bright yellow; most conspicuous are three stripes (including anterior 
margin of mesonotum) anterior to wing roots, separated by wider red- 
black streaks. Tibia of fore leg, and all parts of middle and hind legs, 
concolorous with thorax; pale spots on femora inconspicuous. Coxa 
and trochanter of fore leg, and coxa of middle and hind legs, yellowish 
with purplish red shading. Base of fore femur yellowish. ‘Knees’ 
of all legs yellowish. Wings hyaline, no trace of milky tinge seen in 
alcoholic specimens. A distinct yellow area on membrane at base, on 
anterior and posterior margins of both wings. Abdomen deep purplish 
red; pale posterior margins of segments not conspicuous; pale spots 
barely noticeable. 

Female imago (dried specimen). Very similar to male, but head and 
thorax distinctly dark purple with yellow mottling. Yellow areas on 
pleura, legs, and wing bases even larger and more conspicuous than in 
male. Pale spots on femora more in evidence. Posterior margins of 
all abdominal segments distinctly yellow, likewise anterior portion of 
pleural fold on segments 8 and 9, and entire pleural margin of 10. 
Tails deep purplish black. 

Allotype—Male imago, reared from nymph. Davidson River, Pis- 
gah National Forest, June 12, 1937. No 1002.2 in Cornell University 
Collection. 

Nymphs of Oreianthus are quite hardy, able to withstand unfavor- 
able conditions for a considerable time. Early in June I made a trip 
to Davidson River from Valle Crucis, at which time four nymphs of 
this species were captured. On the return trip the nymphs, in a rearing 
cage, were placed in a pail partly filled with water and carried thus in 
the car for several hours. Fresh water was provided only twice during 
the trip. All four nymphs survived the trip, likewise another trip 
from Valle Crucis to Penrose on June 10. Three of the nymphs died 











1937] MAYFLIES OF SOUTHEASTERN STATES 37 


on June 13. Another nymph survived a long, hot trip of three days 
(June 26-28) from Penrose to Tuscaloosa, Ala. During this time, the 
water was changed but a few times each day. The pail, however, was 
taken out of the car each night and set on the running board. This 
nymph died on June 29. 

From June 11 to June 24, Dr. Lillian Thomsen and I collected seven- 
teen Oreianthus nymphs from the Davidson River. Collections were 
made at three different points in the main stream, and in one small 
tributary. The nymphs were usually found beneath small, isolated 
boulders or irregularly-shaped sedimentary rocks in-rapid water. In 
1929 and 1930, I had found them only under the much larger, flat rocks 
which form the main bed of the stream. In collecting, one of us held 
the hand screen downstream from a given rock, whilst the other lifted 
the rock enough to permit the current to sweep under it. Sometimes 
two or three nymphs were found under one rock; again, half an hour’s 
work yielded not a single specimen. In one instance only was it pos- 
sible to determine the position of the nymph in reference to the shelter- 
ing rock. In the small tributary just mentioned, a good-sized rock was 
lifted from the water, and beneath it, clinging to the under surface in 
the manner of the large stonefly, Pteronarcys, was one Oreianthus 
nymph. It did not loosen its hold, even after the rock was well out 
of the water. Although the current was fairly swift here, the water 
was shallower than in most points in the main stream, probably not over 
nine inches in depth. 

Oreianthus nymphs have a habit of ‘playing dead’ when disturbed, 
much after the manner of nymphs of the genus Ephemerella, so that it 
was not always possible at first glance to be certain that a bit of appar- 
ent trash on the hand screen was not a nymph. The same habit was 
noted in nymphs kept in the rearing cages. 

Although we made frequent visits to the river during these days in 
June, at varying periods of time between 9:30 a.m. and 9 p.m., often 
watching for several hours at a stretch, we did not see a single Oreian- 
thus adult in flight. Nor were any found resting on trees or shrubs 
along the bank of the river. As to the time of transformation from 
nymph to subimago, I record my observations on those nymphs kept 
in the rearing cages at Penrose. Some subimagos emerged in the fore- 
noon, between 8 and 9:30 a.m. Others emerged in the evening, 8 to 
9 p.m. One male emerged about 2:45 p.m., one female at lla.m. Is 
it characteristic of the species, that the individuals emerge at such 
varying times during the day? Is this lack of uniformity in time of 
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emergence due to the fact that the nymphs were in captivity, or do 
they behave similarly when undisturbed, in their native haunts? 

At Penrose, we made our home in a cabin part way up the side of 
Fodderstack Mt. Above and behind the cabin, in a spot sheltered by 
young trees and shrubs from too direct sun-light, the nymphs were 
reared. The rearing cages were kept in a small tub under the continu- 
ous drip from a leaky pipe-line conducting water down from a spring 
near the top of the mountain. This proved an ideal situation for the 
rearing of nymphs. Subimagos, when removed from the rearing cages, 
were put into similar dry wire cages, each containing a small leafy 
branch of tree or shrub. Sourwood, being abundant, was used fre- 
quently for this purpose. Sufficient moisture for transformation of 
the subimagos was provided by the leaves on this small shoot. Another 
leafy branch was placed on top of the cage, which was then taken in- 
side the cabin, for protection from sudden showers. ' 

The following item from my field notes might be of interest. ‘Did 
not remove two nymph skins until the afternoon of the day on which 
the subimagos emerged early in the forenoon. Could then find no 
trace of either whole skin, only the abdomen of one, and small bits of 
thorax, presumably of the two skins. It looks as though the other 
nymphs (Oreianthus and two Irons, in the same cage) must have 
eaten them.” Nymph skins of Oreianthus were usually recovered 
whole; further, the force of water in the tub was not sufficient to have 
caused the disintegration of the skins. Even then, portions of the 
abdomen of the second skin would have been found in the cage. 

The nymph of another species of Oreianthus is described elsewhere 
in this paper, under Florida. 


Family HEPTAGENIIDAE 
Genus Stenonema Trav. 


Stenonema carolina Bks. 

Imagos were taken in flight at Cranberry, June 8 (L. C. Thomsen, 
J.R.T.); at Valle Crucis, May 26—June 9; at the Davidson River, June 
16 and 20; and near Banners Elk, June 8. A few specimens were reared 
at Valle Crucis. Nymphs are from a stream between Boone and Blow- 
ing Rock, June 7; near Banners Elk, June 3; and Valle Crucis, May 30. 
A small, pale, male imago from Conestee Creek, near Cedar Mountain, 
probably belongs here. 

The characteristic greenish cast of the bodies of the male imagos 
fades quickly in alcohol. There is considerable Variation in size no- 
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ticeable among pinned as well as alcoholic specimens. Associated with 
the normal specimens,—bodies greenish yellow, posterior margins of 
both tergites and sternites blackish,—one finds smaller, paler forms,— 
bodies yellow, only the tergites darkened posteriorly. Markings of 
head, thorax and legs are similar to those of the normal dark speci- 
mens; eyes are as far apart, genitalia exhibit no differences. I am hold- 
ing such forms as pale varieties of carolina. 

The nuptial flight of the males was witnessed beside a small stream 
near Cranberry, on June 8. The highway passes close to the stream on 
one side; on the opposite bank grow many tall trees. The greenish- 
yellow bodies of the males, their wings reflecting the sunlight, were 
noticed some time before sundown, weaving up and down in the manner 
of most species of mayflies. Most specimens were flying high, fully 
twenty feet up in the air, like tiny streaks of light against the back- 
ground of dark foliage. A few minutes of flight alternated with a rest- 
ing period, when the insects perched on some leaf of a nearby tree, 
visible to us, but quite safe from our nets. Occasionally one dropped 
low enough to come within range of the net. Many were dancing high 
above the roadway; several of these were captured as they dropped 
down to rest on some low-growing shrubs near the road. Now and 
again a mating pair was seen; one or two were captured. Several 
females, flying low over the stream in oviposition, were also taken. 
Both sexes, however, were quick to elude the net of the would-be 
collector. 


Stenonema pallidum Trav. 

A few imagos which seem to be of this species were reared from 
nymphs taken at Valle Crucis, May 27—June 7, and at Banners Elk, 
June 3. Two nymphs are from Valle Crucis, June 7. Imagos were 
taken in flight at the Davidson River, June 16-20 (L.C.T., J.R.T.). 
From these pinned specimens, I present the following additions to the 
original description. 

Male imago (dried). Body 8 mm.; wing 9mm. Eyes deep purplish 
red. Head and thorax deep yellow, the latter almost orange on mesono- 
tum, metanotum, and portions of pleura. Femora deep, bright yellow; 
tibiae and tarsi duller and much paler. Median band on hind femur 
may be almost obsolete. Wings highly iridescent; costal and sub- 
costal spaces distinctly amber-tinged. Dorsum of abdomen quite bright 
canary-yellow, posterior margins of tergites purplish black except near 
lateral margins. Apical tergites do not differ in color from those pre- 
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ceding. Venter paler and duller yellow, without dark markings. Tails 
very faintly ruddy at joinings, in basal half. Other markings as indi- 
cated in original description. Very short dark dash below antenna; 
lateral black streak on pronotum; no dark marks on pleura; no dark 
stigmatic marks. Basal joint of fore tarsus fully } as long as the 
second joint. 

Female imago (dried). Very similar to male. Thoracic notum and 
pleura not quite so deep in color. Median band of hind femur obsoles- 
cent. Costal margin of fore wing even more deeply amber-tinged; 
cross veins in basal costal space may be somewhat more heavily mar- 
gined, and more numerous (5 or 6 in female, before bulla,—usually only 
4 in male). Less contrast between dorsum and venter of abdomen, 
both being light canary yellow. Tails whitish, unmarked. 

This species flies in the evening, at about the same time as S. carolina, 
and may be associated with it. 


Stenonema ithaca Clem. and Leon. 

Imagos were taken at Davidson River, June 5-15. Nymphs are 
from the North Toe River near the little town of Minneapolis, June 8; 
Cove Creek near Sugar Grove (north of Vilas), June 9; stream near 
Blowing Rock, June 7. This species also flies at sundown; oviposit- 
ing females may be taken as late as it is possible to see them in their 
flight over the water. Males usually dance at a height of about 8 to 
12 feet. 


Stenonema pudicum Hag. 

As on previous collecting trips in the mountain region of this state, 
this species was the one most frequently met with. Imagos were taken 
as follows: stream near Blowing Rock, June 7; near Banners Elk, May 
31—June 8; Valle Crucis, May 28—June 9; Cedar Creek near Glenville, 
June 19; Heaton, June 2. Reared specimens are from Valle Crucis, 
June 6; Cathey Creek at Cherryfield, June 21. Nymphs are from 
Valle Crucis and Foscue. Other nymphs were taken by Prof. Need- 
ham in the Great Smoky National Park at Hazel Creek, Cataloochee 
Creek, Twenty-Mile Creek, and Big Creek at Walnut Flats, Apl. 3-7, 
1934. 

This large, handsome, alert species with the beautifully marked wings 
was one of the principal actors in the brilliant performance staged at 
Valle Crucis on pleasant evenings in late May and early June, over 
Crabapple Creek. Other actors in this dance-drama were Isonychia 
sadleri, Ephemera guttulata, Ephemera blanda, Iron rubidus, Rhithro- 
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gena rubicunda, and Rhithrogena amica. These twilight flights of 
hundreds of mayflies commenced just as the sun was setting, and 
continued until darkness descended. Similar flights were witnessed 
during the same period near Banners Elk, where the highway crosses 
a small stream. Above the bridge the air literally teemed with the 
dancing figures of mayfly multitudes. Smaller species, of the Ephe- 
merellas and Paraleptophlebias, also Iron confusus, often joined the 
throng. But of them all, Stenonema pudicum and Isonychia sadleri 
were the most elusive, the most difficult to capture. 


Genus Heptagenia Walsh 


Heptagenia juno McD. 

This species has not been recorded previously from North Carolina. 
Two male imagos, several female imagos, and nymphs were collected. 
One male and two females were reared from nymphs. Localities: 
Valie Crucis, May 29-June 10 (adults and nymphs); Banners Elk, 
June 3 (adult females, nymphs); Davidson River, June 21 (adult male, 
nymphs); Cathey Creek at Cherryfield, June 17 (nymphs). Speci- 
mens were taken also in the Great Smoky National Park near Elk- 
mont, Tenn. 


Heptagenia aphrodite McD. 

Specimens are from Valle Crucis, May 27-29 (adult females); Cove 
Creek near Sugar Grove, June 9 (nymphs); and a tributary of the 
Rocky Broad River at Lecky Gap, June 16 (nymph). See also a doubt- 
ful record of this species from Alabama. 


Heptagenia thetis Trav. 

Nymphs were collected at Banners Elk, May 31, and at Heaton, 
June 3. Other specimens were taken by Prof. Needham in Twenty- 
Mile Creek, Great Smoky National Park, Apl. 3, 1934. 


Heptagenia marginalis Bks. 
Nymphs were taken in a stream near Blowing Rock, June 7. 


Heptagenia julia Trav. 

Male and female imagos were reared from nymphs taken in Lecky 
Gap, June 19-21. Nymphs were also taken near Blowing Rock, 
June 7. Three of the imagos were pinned, and from these dried speci- 
mens it is possible to add the following notes to the original description 
of the species. 

Male imago (dried). Vertex and occiput of head deep red. Prono- 
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tum dark red-brown in median area, latera] areas yellow. Mesonotum 
red-brown, tip of scutellum blackish. Pleura paler red-brown in a 
diagonal band from base of fore leg to base of hind leg; remaining 
areas yellowish. Prominent black markings above and posterior to 
fore leg, anterior to and above middle and hind legs. Sternum yellow. 
Fore femur yellow, tinged with red-brown at base; wide median red- 
brown band; black line along inner margin apically. Tibia and tarsus 
light olive brown, tibia with reddish tinge; tip of tibia blackish. Fem- 
ora of middle and hind legs yellow, no red tinge; median band in- 
conspicuous on hind femur; on each, a short, black dash near apex, on 
inner margin. Tibia and tarsus yellowish olive. Wings with a faint 
yellowish or amber tinge. A wide, red-brown band occupies the middle 
of the abdomen dorsally. Wide, black, posterior margins on tergites 
in this area. Lateral areas of tergites paler red-brown. Sternites 
deep yellow; posterior margins purplish red. Segments 8 to 10 with 
distinct reddish tinge. Tails olive yellow, joinings black. 

Female imago (dried). Very similar to male. Tibiae and tarsi of 
all legs pale yellowish olive. Wings more distinctly amber-tinged 
than those of male; along the costal margin they appear greenish yellow. 
Dorsum of abdomen somewhat paler than in male, purplish red; pleural 
fold pale, likewise lateral margins of tergites 7-10. 


Heptagenia spinosa Trav. 

Two female imagos, taken at the same time and place as the type 
male specimen, were found in a vial with specimens of H. aphrodite. 
There seems no reason to doubt that these are the females of H. spinosa, 
hitherto undescribed. 

Female imago (alcoholic specimen). Body 7 mm.;wing7mm. Yel- 
lowish. A purplish black spot between eye and lateral ocellus. Black- 
ish mottling on occiput. Antennal filament somewhat dusky. Median 
portion of posterior margin of pronotum blackish; blackish markings on 
posterior half of pronotum, along median line. Mesonotum deeper 
yellow; scutellum pale. Posterior and lateral margins of metanotum, 
and triangular areas on each side of pale median line, purplish black. 
Purplish shading at bases of wings. A narrow, blackish line at apex of 
fore femur, another along inner margin near apex. Tarsal joinings 
and line at apex of tibia, narrowly black; distal joint of tarsus, and 
claws, dusky brownish. Other legs similar, but dark lines at joinings 
less conspicuous. Basal joint of hind tarsus slightly longer than the 
second joint. Longitudinal veins in basal half of fore wing pale yel- 
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lowish, except in cubito-anal region, where they are silvery white; cross 
veins not visible. In apical half of wing, both longitudinal and cross 
veins are visible, pale yellowish brown; longitudinals slightly heavier 
than others. 

A wide, dark purplish band occupies the posterior half of tergite 1. 
Tergite 2 largely overlaid with purplish grey shading, leaving as pale 
areas the lateral margins, median line, and submedian semicircular 
spots on anterior margin. Median area of posterior margins of ter- 
gites 3-6 purplish. Purplish brown shading on median portion of 
subanal plate. This plate is somewhat conical, margin entire; extends 
slightly beyond the apex of tergite 10. Tails yellowish, basal half 
tinged with brown; joinings in this portion purplish black. 

Allotype—Female imago. North Fork, Swannanoa River near 
Black Mt., N. C., June 30, 1930. No. 1115.2 in C.U. Collection. 

The type locality was re-visited during 1936, in the hope of obtaining 
nymphs and more imagos of this unusual species of Heptagenia. I 
quote from my field notes regarding the present condition of this stream, 
which is the type locality also for several unique species of aquatic 
insects described by Dr. Banks. ‘Fished in Swannanoa River at Black 
Mt. (no luck, very little aquatic life), and in the North Fork. The 
latter is entirely ruined, in the part where I used to fish, apparently by 
silt pollution. A gravel company is excavating a big area beside and 
above it; the course of the stream has been changed, and the aspect of 
the whole is different. Found practically no aquatic life but snails; 
the stones are covered with a dirty-looking sediment; the stream does 
not look clear and inviting any more.” It is most unfortunate that 
this beautiful stream, once so rich in aquatic life, has become so barren. 


Genus Rhithrogena Eaton 


In 1929 and 1930, I obtained partial life histories of four species of 
this genus, all of which seem to belong to the anomala group. These 
four were described as new species, while two others, of which only the 
nymphs were known, were designated respectively as Rhithrogena sp. 
No. 1 and Rhithrogena sp. No. 2. One of the first group, R. uhari, is 
a piedmont species, and probably does not occur in the Appalachian 
region. In 1936, four species and a possible fifth were taken in the 
mountain area of the state. Two have not been recorded before from 
North Carolina; one of these is a new species. Members of the genus 
Rhithrogena seem to be quite local in distribution, as no individuals 
of the species R. exilis or R. fuscifrons were taken during this season’s 
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collecting. The type localities were not visited, as headquarters were 
too far from these points to make feasible the transportation of nymphs. 
Both Rhithrogena and Iron nymphs die quickly when transported far 
from their native streams, hence I was unsuccessful in completing these 
life histories. ° 


Rhithrogena amica Trav. 

This species, described from specimens taken near Ithaca, N. Y., is 
represented in material collected in the vicinity of Valle Crucis. It is 
a new record for the state of North Carolina. Careful comparison of 
nymphs and imagos, the latter both dried and in alcohol, with the 
type material, shows that there is little difference between the New 
York and the North Carolina forms, aside from the smaller size of the 
latter specimens. The imagos from North Carolina are somewhat 
more ruddy as to leg and body markings, but are otherwise similar. 
A few specimens were reared, but in several cases it was not possible 
to find the nymph sloughs in the rearing cages. In Rhithrogena, these 
sloughs are either very fragile, so that they disintegrate quickly in 
flowing water, or else they are fed upon by other nymphs in the cages. 
Imagos were captured in flight, and many nymphs were taken. Imagos: 
Valle Crucis, May 30-June 10 (L. C. Thomsen, J.R.T.); Heaton, June 
3; near Banners Elk, June 8; Cranberry, June 8. Nymphs: Valle 
Crucis, May 25-30; Heaton, June 3-6; Banners Elk, May 31. Other 
nymphs were collected by Prof. Needham on Apl. 3, 1934, in Twenty- 
Mile Creek, Great Smoky National Park. 


Rhithrogena fasciata Trav. 

Mature nymphs of this species were quite numerous in Cove Creek, 
north of Vilas, on June 9. From these, one male and four female imagos 
were reared. The female of this species has not been described pre- 
viously. A single nymph, taken near Blowing Rock, on June 7, is 
probably of this species. 

Female imago (alcoholic). Body 8-8} mm.; wing 8-9 mm. Head 
flesh-colored. Usual small dark mark below antenna; one large and 
one or two small black dots on each side, beneath clypeus. Narrow, 
median, purplish line on median carina (not present on one specimen). 
A faint dusky or pale purplish band across back of head between eyes, 
extending forward laterally along margin of eye. Antennal filament 
dusky in basal portion. Pronotum flesh-colored; anterior, posterior, 
and lateral margins narrowly darkened; a short, dark streak in postero- 
lateral angle. In well-marked specimens, a dusky triangular area on 
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each side of median line. Mesonotum greenish yellow; scutellum and 
two small areas anterior to it brownish, in dark specimens; postero- 
lateral fold, and narrow line along antero-lateral margin, dull purplish. 
Metanotum greenish yellow laterally, median portion brown. Pleura 
greenish yellow; a dull purplish streak anterior to wing base; brownish 
markings above legs. Sternum flesh-colored; posterior half of meso- 
sternum, and outlines of other median sclerites, red-brown. 

Legs greenish yellow. Customary dark spot on each femur; short, 
black, longitudinal streak near apex, on inner margin; narrow dark 
band at apex. Apex of tibia, outer portion of tarsal joinings, apex of 
distal tarsal joint, and claws, dusky. Wings hyaline. Longitudinal 
veins in both wings light purplish brown, paler in anal areas; humeral 
cross vein somewhat deeper in color. Cross veins along costal margin 
and in apical portion of fore wing pale brownish, elsewhere almost in- 
visible. 

Dorsum of abdomen red-brown with a distinct purplish tinge. Inter- 
segmental areas and lateral fold, whitish. Pale median line on each 
tergite; pale, oblique, submedian streaks on basal and middle tergites, 
and a pale dot near end of each; on apical tergites, pale submedian dot 
only. Posterior margins of tergites darkened in middle area, paler 
laterally. On each tergite, near lateral fold, an irregular, scroll-shaped, 
dark mark. Sternites much paler than tergites; pinkish, with no dark 
markings except an indistinct brownish line on basal segments, near 
lateral fold. Posterior margins nafrowly pale whitish. Tails yellow- 
ish, joinings narrowly purplish red. 

Allotype—Female imago, reared from nymph. Cove Creek, north 
of Vilas, N. C., June 9, 1936. No. 1121.2 in Cornell University Col- 
lection. 

The male imago from Cove Creek is somewhat larger and stouter 
than the holotype,—wing 8 mm. instead of 7 mm. (incorrectly given in 
original description as 6 mm.). The following additional notes on the 
species are presented from this more recent specimen. Thorax and 
apical abdominal segments red-brown, contrasted with the purplish 
brown basal and middle segments (type specimen paler, less contrast in 
color). Laterally on each tergite, a semicircular paler area is enclosed 
by a darker line, which is widened on the inner margin into an oblique 
streak extending inward and backward from the antero-lateral angle. 
Pale submedian streaks and dots on tergites, as in female. Sternites 
very pale purplish brown, apical ones darker; brown lateral streaks on 
basal segments; ganglionic areas faintly smoky. Tails pale, but tinged 
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faintly with red-brown at base; joinings purplish. A re-examination 
of the holotype shows that the tails, instead of being wholly whitish 
and unmarked, as stated in the original description, are brown-tinged 
basally, joinings very faintly darker. Longitudinal veins of the holo- 
type are faintly tinged with purplish, not wholly yellowish, as originally 
stated; all cross veins invisible. I present a new figure of the genitalia 
of the holotype, drawn after these structures were treated in KOH and 
re-mounted (see fig. 4). 


Rhithrogena rubicunda sp. nov. 

A small reddish species of the anomala group, allied to R. fasciata. 

Male imago (specimen in alcohol). Body 8 mm.; wing 8-8} mm. 
Head yellowish, with ruddy shading between eyes on posterior margin; 
a faint purplish line along median carina. Black semicircular mark 
below antenna; one large and one small black dot beneath clypeus. 
Antenna dusky; apex of basal segment black-ringed. Thorax reddish 
brown, notum and sternum darker than pleura. Pronotum margined 
and shaded with purplish black. Scutellum, two large areas anterior 
to it, and posterior margin of mesonotum on each side of scutellum, 
deeper brown. Anterior to wing roots, two purplish streaks: one di- 
rected obliquely laterad, the other extending along antero-lateral mar- 
gin of mesonotum. Metanotum blackish brown except for paler an- 
terior and lateral margins. Pleura light red-brown; a few dark brown 
markings above leg bases. Posteyior margin of prosternum purplish 
black; middle sclerites of other segments of sternum outlined in dark 
brown. 

Legs yellowish amber. Fore tibia with faint ruddy tinge. Narrow 
band at apex of fore femur, tip of tibia, joinings of basal and second 
tarsal joints, claws, and most of distal joint of tarsus, rather dark red- 
brown. Usual purplish black median spot on femur. On middle and 
hind legs, the tarsi are faintly shaded with ruddy brown; all tarsal 
joinings dark red-brown. A small, black mark near apex of each 
femur; no apical band. Median spot on hind femur somewhat elon- 
gated. Wings hyaline. Longitudinal veins and humeral cross vein 
light purplish brown, those of costal margin heaviest. Cross veins in 
anterior and apical areas of fore wing similarly colored but fainter, not 
as heavy as longitudinals but plainly visible. Cross veins elsewhere in 
both wings paler, becoming silvery white and almost invisible in anal 
areas. About 4 costal cross veins before the bulla, each sagged basad 
in middle; beyond bulla, about 3 cross veins before stigma. 14 or 15 
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stigmatic cross veins, more or less anastomosed, several of them some- 
what aslant; faint milky cloud in stigmatic area. 

Abdomen dark purplish red dorsally; paler ventrally, but with 
distinct purplish red tinge; semi-hyaline. Apical segments often with 
faint yellowish shading. Posterior margins of all tergites reddish black, 
of all sternites deep rose to purplish red, so that abdomen appears 
annulate with reddish. Pale, somewhat semicircular areas near lateral 
margin on each tergite, enclosed by darker line, are much less prominent 
than in R. fasciata. A pair of submedian, pale dots on each basal and 
middle tergite; on basal ones, traces of a pale median line in anterior 
portion. Lateral fold brownish; sternites pale next to this fold; gan- 
glionic areas faintly indicated as whitish spots. Tails yellow, somewhat 
ruddy at extreme base; all joinings narrowly deep purplish red. Geni- 
talia as in fig. 1. 

Female imago (specimen in alcohol). Body 8 mm.; wing 9-93 mm. 
Similar to male, except as indicated. Head often without ruddy or 
dusky shading (see notes on paratypes, however, particularly pinned 
specimens). Thorax somewhat paler than in male, yellow-brown with 
an olive tinge. All legs similar to middle and hind legs of male, but 
tarsi not noticeably darker than other joints. Longitudinal veins with 
a distinct amber tinge; cross veins visible also in disc of wing. Abdo- 
men more or less opaque, except in spent females. Venter less dis- 
tinctly ruddy-tinged, but reddish annulations of. all segments evident. 
Egg valve and 8th sternite purple-tinged. Tails usually not ruddy at 
base. Lateral margin of 9th tergite with more or less purplish red. 
shading. Considerable variation, also, as to depth of color of both 
thorax and abdomen; some paratypes are fully as ruddy on tergites 
and sternites as the type male. Others show ruddy or powder-white 
markings on pleura. In one specimen, the scutellum and adjacent 
areas are ruddy; distinct ruddy shading also, on posterior part of head. 

Male (dried). Entire head, except narrow frontal margin, flushed 
with red. All femora very deep amber; fore tibia without reddish 
tinge; tarsi duller and paler than tibiae. Wings highly iridescent. 
Veins appear much paler than in alcoholic specimens. Dorsum of 
abdomen dark red-brown with purplish tinge; apical tergites bright 
red-brown. Greater contrast in color between dorsum and venter than 
in alcoholic specimens. Pale dots and pale lateral areas on tergites 
almost invisible. Anterior margins of basal and middle tergites nar- 
rowly pale; sternites 8 and 9 brighter reddish than preceding ones. 
In one specimen, from Valle Crucis, eyes deep purplish black (wholly 
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blackish in others). Scutellum and adjacent areas distinctly reddish. 
Tergite 10, and lateral margins of 9, bright yellowish orange. Wing 
veins almost whitish, except those on costal margin. 

Female (dried). Entire head reddish. Distinct contrast between 
dorsum and venter of abdomen. Tergites 1-6 dull, dark red-brown 
with purplish tinge; 7 slightly paler; 8-10 much paler, with yellowish 
instead of purplish tinge. Venter paler purplish red. 

Holotype—Male imago (dried). Banners Elk, N. C., June 5, 1936 
(J. R. Traver). No. 1458.1 in Cornell University Collection. 

Allotype—Female imago (dried). Banners Elk, N. C., June 8, 
1936 (J. R. T.). No. 1458.2 in C. U. Collection. 

Paratypes—Seven male imagos, eleven female imagos; Valle Crucis, 
N. C., May 25-June 8, Banners Elk, N. C. June 5-8, 1936 (J. R. T., 
L. C. T.). Some dried, others in alcohol. No. 1458.3-20 in C. U. 
Collection. 

This species is about the size of R. fasciata, and of small specimens of 
R. amica. From the former it may be distinguished by the reddish 
annulations of the abdomen; less prominent lateral pale areas on ter- 
gites; cross veins on wing of male visible in anterior and apical areas. 
The distinct contrast in color between dorsum and venter of abdomen, 
and the almost total lack of reddish shading on pleura and femora, as 
well as the paler and less prominent wing veins, separate it from small 
specimen of amica. In genitalic type, it is quite close to fasciata; how- 
ever, the apical portions of the penes are thicker, more rounded, while 
the spatulate process on each division of the penes is distinctly wider. 

I do not know the nymph of this species, as imagos were taken only in 
flight. There is a possibility that the nymphs I am describing as 
Rhithrogena sp. No. 3 may be the immature forms of rubicunda. These 
nymphs occurred in considerable numbers in the same streams above 
which I took the adults of rubicunda. Seeming evidence against this 
theory is that the nymphs were not yet mature on June 10, although 
imagos of rubicunda were taken as early as May 25. The only mature 
nymphs taken from streams in this area, during the period of flight of 
rubicunda, were those of amica, and smaller specimens which I cannot 
distinguish from typical amica. These I assume to be the nymphs from 
which came the small specimens of apparent amica, mentioned previ- 
ously. So similar in general appearance are the imagos of many species 
of Rhithrogena, that it was only after mounting the genitalia and com- 
paring the specimen point by point in the laboratory that I realized 
there were two species among the specimens, all of which I had assumed 


to be amica. 
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Rhithrogena sp. No. 2 

' The nymph of this species was described in my previous paper on the 
Heptageniidae of the state.* A few of the orange nymphs were col- 
lected during 1936 from that tributary of the Rocky Broad River which 
flows through Lecky Gap; from these a single female imago was reared. 
A male subimago died when half out of its nymphal skin; genitalia not 
sufficiently developed to show details of structure. The femoral mark- 
ings of the imago indicate that it is a member of the anomala group. 
Since the nymph slough of the female imago could not be found, and 
since further, the female bears a marked resemblance to those of two 
other species of this group, I am holding the specimens under the 
original designation. 

Female imago. Body 7 mm.; wing 73 mm. Head pale yellowish; 
usual dark mark below antenna. A narrow purplish black line on pos- 
terior margin of head, slightly widened at each end, near eye. Fila- 
ment of antenna dusky. Thorax, including seutellum, yellowish. An- 
terior and posterior margins of pronotum very narrowly darkened; a 
small area of purplish shading laterally, just above leg base. Postero- 
lateral areas of mesonotum below scutellum shaded with purplish. 
Metanotum largely purplish brown. Posterior half of mesosternum 
brownish. On pleura, a small dark spot just above bases of middle and 
hind legs. Very minute dark dot at antero-basal angle of middle and 
hind coxae; on middle coxa, small dark dots also at postero-basal and 
postero-apical angles. 

Legs pale yellowish; each femur with usual purplish black median 
mark (not streak). Tarsal joinings, claws, narrow line at apex of tibia, 
and somewhat wider mark at apex of femur, darkened. Wings hyaline. 
The first four longitudinal veins of the costal margin are pale purplish 
brown, as are also the cross veins between them; subcosta of hind wing 
similarly colored. All other veins and cross veins silvery white, the 
latter almost invisible. 

Abdomen yellowish with pale pinkish tinge. Tergites 1-8 shaded 
with purplish, most apparent on tergite 3. Intersegmental areas paler; 
posterior margins of apical tergites appear narrowly darker. Lateral 
margin pale. Sternites paler than tergites; intersegmental areas whit- 
ish. Tails yellowish, tinged in basal portion with very pale red-brown; 
joinings narrowly darker. 


* 1933—Traver, J. R. Mayflies of North Carolina, Pt. III. The Heptagen- 
inae. J. Elisha Mitchell Sci. Soc. 48: 172. 
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The female imago is very similar to that of the allied species R. 
exilis and R. fuscifrons. From each of these it may be distinguished by 
the absence of definite darker posterior margins on the basal and middle 
tergites. The dark posterior margin of the head separates it from 
exilis; the entire body, particularly head and thorax, are much paler 
than in fuscifrons. 

I note that in nymphs taken in the past season the entire head is 
thickly freckled with small dark dots; however, specimens from pre- 
vious collections do not show this character. Posterior margins of all 
tergites narrowly darker. Two small dark, submedian dots near an- 
terior margin; between and connecting them, a narrow, dark, transverse 
band. The nymph of R. uhari is likewise uniformly orange on the dor- 
sum, but considerably paler than Rhithrogena sp. No. 2. The femora 
also are much paler, the head somewhat narrower, the gills (in life) 
distinctly grey. It is difficult to distinguish the nymphs of Rhithro- 
gena sp. No. 2 from dark forms of fasciata, in alcoholic material, except 
for the deeper and more uniform orange color of the dorsum. I believe, 
however, that Rhithrogena sp. No. 2 is worthy of specific rank. 


Rhithrogena sp. No. 3 

Known only in the nymphal stage. A species of the anomala group; 
very similar to R. fuscifrons in general appearance, but more strikingly 
banded with alternating dark and pale areas. 

Nymph. Body of immature nymphs, 6-8 mm.; tails 7 mm. Head 
as in well-marked specimens of fuscifrons. Large chestnut brown patch 
occupies middle area of head, from frontal margin backward between 
bases of antennae, and lateral ocelli, to posterior margin. Lateral por- 
tions yellowish, except for a light brown spot near outer margin, laterad 
of each eye. Antennae yellowish brown; in distal portion paler, joints 
shaded with purplish black, a black spot at each joining. Pronotum, 
and anterior portion of mesonotum to base of middle leg, dark red- 
brown; a few very faint paler markings on pronotum, two dark streaks 
on mesonotum between wing bases. Posterior portion of mesonotum, 
wing cases except at base, and entire metanotum, yellow. Fore and 
middle femora yellow in apical half or third; basal portion dark red- 
brown, with usual irregular pale median patch and purplish median 
spot. ‘Tibiae yellowish, brown along outer margin, ‘knees’ brown; 
tarsi red-brown. Hind femur brown except for pale median streak 
in basal half; usual purplish median spot. Tibiae and tarsi as in 
other legs. Ventrally, dark brown markings near bases of fore and 


middle legs. 
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Abdominal tergites 1-2 and 8-10, wholly pale yellowish; tergite 7 may 
be wholly pale, or dark in basal half. Tergites 3-6, and sometimes base 
of 7, dark red-brown. Inner half of each gill on segments 2-5, and basal 
inner portion of gill on segment 6, deep purplish; gills of first and seventh 
pairs, and remaining portions of others, pale creamy white. Gill tufts 
purplish grey. In a female nymph slough, only the basal portions of 
gills on 2-5 are darkened. All sternites pale yellowish, unmarked. 
Tails yellowish brown; a narrow dark ring at each joining. 

These strikingly-marked nymphs were quite numerous in the streams 
at Valle Crucis and in several streams near Banners Elk, from May 25 
to June 10; up to this time, no mature nymphs had been seen. On 
June 11, I moved to Penrose. No nymphs of this species were found 
other than in the Valle Crucis region. A single female nymph slough 
was found in a rearing cage with a female imago, on June 6, and I sup- 
posed that this nymph slough belonged to the imago. Examination of 
it in the laboratory, however, showed that the wing cases were not long 
enough for those of a mature nymph. The female imago taken with it 
appears to be of the species amica, and I have no adults of iisoeepes 
sp. No. 3. See note under R. rubicunda. 

Nymphs of Rhithrogena sp. No. 3 bear a close superficial senseltiane 
to those of fuscifrons. The following differences may be noted: (1) 
larger size; (2) pale strip including posterior half of mesonotum, all of 
metanotum, and the two basal segments of abdomen (in fuscifrons, en- 
tire thorax brown, usually also tergites 1 and 2); (3) brown apical area 
of third femur, as contrasted with yellow in corresponding areas of fore 
and middle legs (apices of all femora yellow in fuscifrons); and (4) the 
prominent purplish areas on the middle gills. 


Rhithrogena sp. 

Adult females of an undetermined species of this genus were taken at 
Valle Crucis by Dr. Lillian Thomsen, May 27-30, 1935. These females 
are very similar to R. amica in general appearance, but larger. Body 
10-11 mm.; wing 12-13 mm. 

A single nearly mature nymph of a small species was collected in the 
Davidson River on June 20. Wholly whitish except for a very small 
median purplish mark on each femur, and a row of relatively long, dark 
spines on the posterior margin of each. Body 5 mm. 


Genus Cinygmula McD. 


Cinygmula atlantica McD. 
A new state record, unless this species is really synonymous with 
C. subaequalis Bks. Dr. Banks’ specimens were taken from the North 
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Fork of the Swannanoa River in May. As stated previously, this 
stream supports no aquatic.insect life at the present time. Mature 
nymphs of C. atlantica were found at Valle Crucis, Banners Elk, and 
Heaton, during the last week of May, but were by no means numerous. 
Attempts to secure a male imago were unsuccessful, but three females 
were obtained by rearing the nymphs, and one was taken in flight. 
The latter specimen is slightly larger than the reared forms, but similar 
in other respects. Females and nymphs have been compared with 
reared specimens of atlantica from the vicinity of Ithaca, N. Y. Ima- 
gos: Valle Crucis, May 28-30. 


Genus Iron Eaton 


In a previous paper* I have designated two groups of species in this 
genus, which occur in North Carolina, distinctions being based prin- 
cipally on nymphal structures. These are respectively, Group I, the 
humeralis-rubidus allies; and Group II, species of the dispar type. A 
third division, Group III, which includes species of the longimanus 
type, is represented in my collections of last summer. Nymphs of 
Group III may be characterized thus: (1) Gills of first pair have the 
anterior lobe greatly developed; this pair of gills is considerably larger 
than any succeeding pair; and the anterior lobes lie under the body of 
the nymph, tending to approach one another. (2) Gills of seventh 
pair tend to meet beneath body of nymph. (3) Head definitely widest 
near frontal margin, as in Group II. (4) Postero-lateral spines on 
middle abdominal segments relatively short and rather blunt, as in 
Group II. (These spines are present on segments 1-7, in all Iron 
nymphs, but are poorly developed on the basa] segments.) 

Species of the genus known to occur in North Carolina are as follows. 
Group I,—I. rubidus Trav., I. subpallidus sp. nov. (designated origi- 
nally as Jron sp. No. 2), and Iron sp. No.1, a piedmont form; Group II,— 
I. dispar Trav. and Iron sp. No. 4; Group III,—I. confusus Trav. and 


Iron sp. No. 5. 


Iron rubidus Trav. 

As originally described, males of this species ranged in body size from 
8 to 9 mm.; females from 9} to 11 mm. It should be noted here that 
the other specimens among the type material are somewhat larger. 
Thus, several males have a body and wing length of 10 mm., while some 


* 1933—Traver, J. R. Mayflies of North Carolina, Pt. II1l1. The Heptagen- 
inae. J. Elisha Mitchell Sci. Soc. 48: 156. 
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of the females reach 12 mm. in length. There is considerable variation 
also as to body markings and depths of color of the thoracic notum in 
the male. During 1936, I collected several nymphs of rubidus from 
Lecky Gap, others from Cherryfield, and from these was able to rear 
a few imagos. From a pinned male specimen (Lecky Gap, June 20) 
I present the following additions to the original description, which was 
drawn from a specimen in alcohol. 

Male imago (dried). Eyes deep red-black. Entire head suffused 
with bright red. Thorax deep yellow. Pronotum largely suffused 
with bright red. Posterior and lateral margins and oblique lateral 
line, black. Scutellum and posterior margin of mesonotum blackish, 
as are the median projection and posterior margin of metanotum. 
Reddish shading anterior to wing base and on pleura above each leg. 
Black markings above leg base quite prominent. Narrow reddish line 
along anterior margin of mesosternum; median area of this sclerite red- 
tinged in posterior half. Fore femur largely ruddy; black bands prom- 
inent. Fore tibia with reddish flush; tarsus wholly pale yellowish 
white. On middle and hind legs, femur amber yellow, reddish only at 
apex; purplish streak on margin near median dark mark. Tibia red- 
tinged except in median area; tarsus pale. Abdomen yellow, venter 
rather paler than dorsum. Basal tergites shaded laterally with pur- 
plish. Middle and apical tergites with distinct rose-red lateral patches 
based on posterior margin, these being most prominent on tergite 8. 
Whitish area next to pleural fold, on tergites 9 and 10, and on lateral 
portions of sternites 8 and 9. 

Many nymphs were taken in and near Valle Crucis, during 1936, 
which very much resemble those of rubidus, but seem a trifle larger; gills 
purplish red; color of body olive brown in life. From these, many 
imagos were reared, and various others of both sexes were captured in 
flight. Although showing some variation, both as to size and mark- 
ings, from type material of rubidus, | can point to no character or con- 
stant marking by which either nymphs or imagos may be distinguished 
from rubidus. The nymphs are doubtless those to which I referred in 
a previous paper as Iron sp. No. 3. I propose to regard these speci- 
mens, for the present at least, as Jron rubidus, dark form. Since, 
however, they may represent a distinct species, I present descriptions of 
both sexes, from pinned specimens. 

Iron rubidus, dark form 


Male imago. Body 104 mm.; wing 10} mm. Head creamy white 
between eyes, elsewhere suffused with red. Antenna wholly dusky. 
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Thorax rather dark red-brown. Purplish red shading laterally on pro- 
notum. Very deep red-brown median strip extends length of mesono- 
tum. Scutellum, postero-lateral margins, and posterior margin, black. 
Anterior to scutellum, two paler reddish streaks. Prominent black 
markings on pleura; black streak above fore leg. Median portion of 
posterior half of mesosternum deeper brown, enclosing two reddish 
submedian streaks. Fore femur deep amber brown, faintly red-tinged; 
tibia paler, red-ringed; tarsus pale grey, last two joints dusky, all 
joinings and claws darker. Other legs similar but paler; no red flush 
on tibiae; apical half of tarsi distinctly dusky; usual dark mark on 
femora. Longitudinal veins yellowish; cross veins paler, but visible 
throughout most of wing. 

Abdomen pale yellowish white, middle segments largely hyaline. 
Posterior margins of tergites narrowly purplish black; more or less 
pale brown shading laterally and along posterior margin (leaving area 
next to pleural fold whitish); small brown mark at each spiracle. Short 
black streaks on posterior half of median line, on middle and apical 
tergites; may be absent from basal ones. Tergites 8-10, and sternites 
8 and 9, opaque, with alabaster markings on an orange-red background. 
Tips of forceps smoky. Tails smoky brown at base, becoming paler 
distally; indistinctly pale at joinings. 

Variations of the above. All femora flushed with reddish brown; 
tarsi wholly dusky. Dorsum of abdomen more or less suffused, except 
in pale area next to pleural fold, with orange-brown, more intense on 
apical tergites. Rose markings on apical portion of forceps base. 

Female imago. Body 103-11 mm.; wing 12-13 mm. Head, pos- 
terior to lateral ocelli, creamy with very faint pink flush; anterior por- 
tion of head reddish. Pronotum reddish brown, margined and shaded 
with black. Remainder of thorax rosy, with extensive creamy white 
markings. Black pleural markings asin male. Fore femur red-brown, 
others amber-brown; usual dark median spot. Tibiae greyish, tinged 
at each end with lavender. Tarsi dusky at tips, elsewhere greyish, all 
joinings darker. Humeral cross vein almost wholly purplish (in male, 
pale next to costal margin). Dorsum of abdomen, except pale lateral 
_ area, flushed with brown or orange-brown (reddish, before eggs are laid) 

Otherwise as in male. 


Iron subpallidus sp. nov. 
Iron sp. No. 2 in Traver, J. Elisha Mitchell Sci. Soc. 48: 160. 1933. 
A member of the humeralis-rubidus group. Distinct by reason of 
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the relatively short postero-lateral spines on abdomen of nymph. 
Imago rather pale. 

Male imago (alcoholic specimen). Body 11 mm.; wing 113 mm. 
Very similar to]. rubidus, but paler and somewhat larger. Head pale yel- 
lowish ; bases of ocelli blackish; antennal filament dusky, two very small 
black dots beneath clypeus. Eyes slightly larger than in rubidus, 
contiguous apically (in some specimens of rubidus, eyes do not quite 
meet dorsally). Thorax pale yellowish brown, paler than in rubidus. 
Posterior and lateral margins of pronotum not darkened; lateral oblique 
dark dash on this sclerite reduced to a faint trace; very pale brownish 
shading on posterior half. Two purplish spots on pleura, above leg 
base. Scutellum of mesonotum, and posterior margin of sclerite on 
each side of scutellum, dark brown. A pale band along median area of 
mesonotum. Metanotum yellowish; median projection and posterior 
margin brown. One small black spot and faint black pencilings on 
pleura above base of each leg; much less prominent than in rubidus. 

Fore femur brownish yellow; tibia yellow, tarsus yellowish white; 
tip of tibia dusky; median purplish spot on femur, no other markings, 
other than a very small dark mark on each coxa. Middle and hind 
legs yellow; tarsi shaded with pale brown, joinings darker. Hind tibia 
about ? as long as femur. Wings hyaline; faint milky cloud in stig- 
matic area. Humeral cross vein deep purplish black in posterior half, 
white next to costa. Longitudinal veins in anterior and apical portions 
of fore wing pale yellow, all other veins pale, practically invisible. 
Abdomen yellowish white. Short dark marks on median line of each 
tergite, as in rubidus; posterior margins of tergites faintly shaded with 
dark grey, in median area only. No oblique, lateral streaks nor short, 
dark dashes near spiracles; no darker shading on tergites. Apical 
segments yellow. Tails smoky at base, pale distally. Genitalia very 
similar to rubidus. 

Female imago (alcoholic specimen). Body 12 mm.; wing 14 mm. 
Similar to male, except as indicated. Small dark dot on median line 
of pronotum, near to middle of sclerite; lateral margins of pronotum 
very faintly greyish. All legs similar to middle and hind legs of male; 
tarsi concolorous with tibiae, joinings slightly darkened. Longitudinal 
veins of fore wing very pale yellowish brown except in anal region; cross 
veins in apical portion similar, distinct; elsewhere pale, invisible. 
About 10 stigmatic cross veins; 3 between bulla and stigma, basal cos- 
tals very faint. Two dark dots on coxae of middle and hind legs, one 
only on fore coxa. 
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Nymph. Described previously, as Iron sp. No. 2. A comparison 
of the postero-lateral spines on segments 6-7 of nymphs of rubidus and 
subpallidus is shown in figs. 18 and 19. This nymph is unique among 
others of the humeralis group, because of the relative shortness of these 
spines, which do not much exceed in length the postero-lateral spines 
of nymphs of the longimanus group. 

Holotype—Male imago, reared. Cedar Creek near Glenville, N. C., 
June 20, 1936. No. 1457.1 in Cornell University Collection. 

Allotype—Female imago, reared. Same locality, June 21, 1936. 
No. 1457.2 in C. U. Collection. 

Paratypes—One female imago, reared. Same locality, June 16, 
1936. Two female imagos, reared; in same locality, July 10, 1930. 
No. 1457.3-5 in C. U. Collection. 


Iron dispar Trav. 

Several nymphs of this species collected at Valle Crucis were reared, 
and imagos of both sexes obtained. No imagos were taken in flight. 
Imagos: Valle Crucis, May 25-June 10; and Cherryfield, June 25. 
Nymphs: Valle Crucis, during same period (J. R. T.), and in autumn of 
1934 and 1935 (L. C. Thomsen); Foscue, May 25; Forney’s Creek, 
Aug. 26, 1931 (J. G. Needham); Deep Creek, Aug. 25, 1931 (J. G. N:); 
Twenty Mile Creek, Apl. 3, 1934 (J. G. N.). The last three localities 
are in the Great Smoky National Park area. The nymphs from For- 
ney’s Creek were previously included in the vial with specimens of 
Tron sp. No. 4. 


Iron sp. No. 4 

Only two specimens of this species, from Forney’s Creek, Aug. 26, 
1931 (J. G. Needham). These nymphs are quite similar to J. dispar, 
but distinguished from that species by the dark red-brown abdominal 
tergites and the distinctive reddish brown shading on the abdominal 
sternites. 


Iron confusus Trav. 

This species, a member of the longimanus group, has not been pre- 
viously recorded from North Carolina. Imagos agree well with the 
type specimens taken in the vicinity of Ithaca, N. Y. Nymphs vary 
from the New York forms as follows: (1) Ventral markings of last three 
abdominal segments usually more extensive, consisting of lateral streaks, 
a pair of submedian spots near anterior margin, and two smaller dots 
posterior to these; (2) anterior lobes of first pair of gills may be more 
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prolonged, and so held by the nymph as to be approximated beneath 
the body; (3) median line of short, fuzzy hairs on abdominal tergites 
more evident. (Such hairs, usually short and inconspicuous, occur on 
many Iron nymphs, but are much shorter and weaker than in nymphs 
of the genus Ironodes.) 

There is a possibility that the species J. confusus Trav. is synonymous 
with J. fragilis Morg.; in that case, however, the size limits of fragilis 
would have to be considerably extended. The only bona fide nymphs of 
fragilis that are in the Cornell collection are in such poor condition that it 
is not possible to be certain whether the gills of the first pair actually 
meet beneath the body, as indicated in Prof. Needham’s figure.* None 
of the imagos of this species which were reared by Dr. Morgan are now 
in existence. Nymphs of confusus agree well in size with the nymph 
described by Prof. Needham as /ron sp. (8 to 10 mm., depending on 
the sex of the nymph; he states 9 mm.). However, the imago of fra- 
gilis, on which the description of the species is based, is stated to have 
measured but 7 mm., wing 7 mm.; confusus has a body length of 9 to 
10 mm., wing 10-11 mm. Until this apparent discrepancy in size can 
be unraveled, we retain the name confusus for the larger forms. It 
should be noted that the nymphs of confusus typically hold the gills 
of the first pair so that the anterior lobes are not directed toward one 
another beneath the body. However, it is possible to move them, on 
a dead nymph, so that the tips almost meet. I note, further, that 
many specimens of typical confusus nymphs do have faint dark spots 
on the abdominal tergites; an apparent statement to the contrary 
appears in my key to Iron nymphs (Biology of Mayflies). 

Several nymphs of this species were reared, and a few imagos taken 
in flight. The period of flight is in the early evening, just after sunset. 
Imagos: Valle Crucis, May 27-June 6; and Banners Elk, May 31- 
June 8. Nymphs: from above localities; also North Toe River at 
Minneapolis, June 8; and Heaton, June 3. Other specimens were taken 
by Prof. Needham from Twenty Mile Creek in the Great Smoky Mts., 
Apl. 3, 1934. 

Iron sp. No. 5 , 

Nymphs of this species were collected in Dutch Creek, Valle Crucis, 
on Feb. 26, 1936 (L. C. Thomsen). None are fully mature; some 
appear to be only half grown. Male nymphs, body 10 mm.; female 


*1905—Needham, J.G. (Ephemerida in) Mayflies and Midges of New York, 
N. Y. State Mus. Bull. 86: 57, Pl. 7, figs. 6-7. 
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nymphs, 12-13 mm. In alcohol, the general body color is dark red- 
brown tinged with olive. Dark markings on occiput between eyes and 
ocelli, and a V-shaped mark from base of antennae to frontal margin. 
Indistinct dark scroll-like markings on notum. Base of femur, knee, 
tip of tibia, and entire tarsus, blackish, on each leg. Pale hatchet- 
shaped mark on basal half of femur; in head of hatchet, the usual purple 
spot. Anterior and posterior margins of all tergites narrowly black. 
Dark, paired, submedian spots usually present on tergites 3-9. Gills 
brown on outer margin; a white strip occupies remainder of outer half; 
inner half of each, pale purplish. Gills of first pair may meet beneath 
body of nymph. Tails red-brown, joinings blackish. Venter marked 
as in confusus. 

Other nymphs very similar to the above are from Twenty Mile Creek, 
Great Smoky Nat. Pk., Apl. 3, 1934 (J. G. Needham). In these 
nymphs, the hairs on the median line of the abdominal tergites are 
better developed than in any others of the genus Iron which I have 
studied. Otherwise they agree well with the nymphs from Valle 
Crucis. 


Family BAETIDAE 
Subfamily Siphlonurinae 
Genus Ameletus Eaton 


No imagos of this genus were collected, nor do I have any nymphs 
among my specimens. However, many nymphs were collected by Prof. 
Needham in April 1934, in certain areas of the Great Smoky National 


Park. 


Ameletus sp. No. 2 _ 

1932—Traver, J. R.—J. Elisha Mitchell Sci. Soc. 47: 199. 

Mature nymphs which seem to be of this species are from Twenty 
Mile Creek and Big Creek in Walnut Flats, Ap]. 3-7 (J. G.N.). Many 
of these specimens are more uniformly red-brown dorsally than is indi- 
cated in my previous description. Yellow areas present on all tergites: 
postero-lateral angles; lateral patches; traces of pale median line basally, 
on apical tergites. A pair of dark, red-brown, submedian streaks in 
anterior half of each tergite. Inner margin of gill may appear brown- 
ish or both margins may be yellow. In some well-marked specimens, 
tergites 1-2, 7-8, and 10 are distinctly paler. 
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Ameletus sp. No. 3 

A single immature nymph, Cataloochee Creek, Apl. 6, 1934 (J. G. N.). 
Smaller than the preceding species,—body 7 mm. Frontal portion of 
head red-brown, occiput yellow. Pronotum yellow; two brown, sub- 
median streaks. Meso- and metanota yellow with many irregular 
brown markings. Legs yellow; indistinct broad, median, femoral 
band; tibia and tarsus brown at base and apex; claw brownish. Ab- 
dominal tergites 1-2, and 7-8, yellow; posterior margins of 7-8 brown, 
also faint submedian streaks. Tergites 3-5 largely brown; lateral 
margins except posteriorly, antero-lateral areas, and large, rounded, 
submedian spots, yellow. Tergite 6 largely yellow; posterior margin, 
median triangle based on posterior margin, and smaller submedian tri- 
angles based on anterior margin, dark brown. Tergites 9-10 uniformly 
dark brown. Gills wholly pale. Venter yellowish; sternite 9 largely 
brown. Usual blackish band across tails. 


Genus Isonychia Eaton 


Isonychia sadleri Trav. 

Another new state record. The large, dark brown nymphs of this 
species, strikingly marked with a broad, white, dorsal stripe, were very 
numerous in the streams of the Valle Crucis region. Several were 
reared. Most of the imagos, however, were taken during their twilight 
nuptial dance. Great numbers of both sexes congregated over Crab- 
apple Creek at Valle Crucis, and over a stream near Banners Elk. 
Often they danced high in the air; again, individuals as well as mating 
couples drifted down almost to stream level. They were strong, tire- . 
less dancers, the first to appear and the last to leave the scene of fes- 
tivity. Imagos: Valle Crucis, May 27-June 6 (J. R. T., L. C. T.); 
Banners Elk, June 8. Nymphs: Valle Crucis, same period; Cata- 
loochee Creek, Apl. 26, 1934 (J. G. Needham). 


Isonychia notata Trav. 

Three bronze-brown nymphs taken in Cove Creek north of Vilas are 
tentatively referred to this species. The tibial spine is- shorter than 
in the type specimens of notata. In size and color pattern, however, 
there are no discrepancies. Two of these nymphs were transported to 
Penrose, where they lived until June 25. On this date, as I was pre- 
paring to move to Alabama, all nymphs in the rearing cages were 
killed. 
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Isonychia sp. No. 1 

A single female imago, taken in flight near Davidson River, Pisgah 
National Forest, June 20. Two or three males were seen also, flying 
very high, headed for the tops of the tallest trees; none could be cap- 
tured. By the structure of the subanal plate of the female, this species 
is a member of the albomanicata group. 

Female imago (dried). Body 13 mm.; wing 13 mm. Frontal por- 
tion of head purplish red. Posterior to ocelli, yellow; red shading in 
antero-lateral angle and on anterior fourth of median line; posterior 
margin shaded with black, especially next to eye. Antennae dusky. 
Pronotum shaded with rose in median area, blackish laterally. Re- 
mainder of thorax mahogany red-brown; rose-red markings on pleura. 
Fore femur and tibia deep purplish brown; tarsus purplish grey. Other 
legs yellow, claws and last tarsal joint dusky. Venation pale brown. 
Abdomen deep red, brighter than J. sadleri. Dorsum and venter very 
similar; posterior margins narrowly blackish, anterior margins pale. 
A faint but discernible paler mid-dorsal stripe. Tails white; joinings 
reddish, in basal portion. 


Subfamily Leptophlebiinae 
Genus Paraleptophlebia Lestage 


Paraleptophlebia guttata McD. 

In the early forenoon of June 19, hundreds of males of P. guttata were 
engaged in their nuptial flight, over the Davidson River and above the 
adjacent willows. The sunlight glinted on their iridescent wings and 
silvery white bodies as they flew upwards, to glide slowly down with 
tails and legs outstretched. This was not a continuous performance. 
All the dancers rested, at intervals of several minutes, on the willow 
leaves. Now, scarcely one could be seen in flight; another second, and 
the air was filled with them. Many males and a few females were 
captured from this dancing throng. Nymphs and imagos were col- 
lected from a tributary of the Davidson River on June 20 (J. R. T., 
L. C. T.); one nymph, Valle Crucis, June 8. 


Paraleptophlebia swannanoa Trav. 

Immature nymphs were taken at Valle Crucis, May 27; a stream 
near Blowing Rock, June 7; Cherryfield, June 17; and a tributary of 
the Davidson River, June 20. No imagos were obtained. 


Paraleptophlebia mollis Etn. 
This species has not been known before from North Carolina. The 
mating flight of P. mollis takes place just after sunset. Imagos are 
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represented among material captured in and near Valle Crucis at 
twilight, May 27—June 2. Other imagos: Banners Elk, May 31-June 
8; Cranberry, June 8; mountain road near Penrose, June 12. 


Paraleptophlebia adoptiva McD. 

Another species of the genus which is recorded for the first time from 
the state. Imagos: Valle Crucis, early spring, 1936 (L. C. Thomsen), 
and June 1. Nymphs: Valle Crucis, May 30-June 7; and Foscue, 
May 25. Other nymphs were taken by Prof. Needham in the Great 
Smoky National Park, as follows: Moore’s Spring on Gregory Bald, 
Apl. 17, 1929; Twenty Mile Creek, Apl. 3, 1934; Cataloochee Creek, 
Apl. 6, and a tributary of this stream, Apl. 7, 1934. 


Genus Habrophlebiodes Ulmer 


Habrophlebiodes betteni Ndm. 

Another species not reported previously from North Carolina. One 
male imago was taken at Davidson River, June 20; another, a short 
distance over the state line into Tennessee, near the little settlement 
of Trade, Tenn., June 9 (L. C. Thomsen). 


Genus Blasturus Eaton * 


Two undetermined species of this genus are represented: a small 
species from Hazel Creek, Great Smoky National Park, Apl. 3, 1934 
(J. G. Needham); and larger nymphs from Dutch Creek, Valle Crucis, 
Feb. 26, 1936 (L. C. Thomsen). 


Subfamily Baetiscinae 
Genus Baetisca Walsh 


Baetisca thomsenae* sp. nov. 

Closely allied to B. carolina. Wings of imago with less intense orange 
shading; forceps of male relatively longer and more slender. Lateral 
spine on thoracic shield of nymph somewhat longer, better developed. 

Male imago (dried). Body 10-11 mm.; wing 11-12 mm. Eyes red- 
purplish black. Frontal portion of head red-brown; ocelli with reddish 
tinge. Base of antenna brownish, filament yellowish. Thorax dark 
red-brown. Pronotum and posterior portion of head concealed be- 
neath the large eyes. Yellow shading on anterior and antero-lateral 
margins of mesonotum, and to a lesser degree along the median strip. 


* I take pleasure in naming this species for Dr. Lillian Thomsen, who accom- 
panied me on this collecting trip and captured many of the specimens. 
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Scutellum and adjacent areas purplish red. Yellow shading anterior 
to base of fore wing, and a streak anterior to middle leg. At base of 
each wing and above hind leg, a reddish area. Bifurcate process be- 
tween bases of fore legs quite prominent. Fore legs amber, tinged with 
reddish brown; all joinings darker. Middle and hind legs very similar 
in color, slightly paler, joinings less distinctly darkened. Wings hy- 
aline. Entire costal strip of fore wing strongly amber-tinged; a paler 
tinge of amber extending along membrane for a short distance beyond 
the base. Extreme bases of both wings deep reddish orange. In hind 
wing also, an orange flush on membrane for perhaps half the width of 
the wing. Humeral cross vein red-brown, paler apically; subcosta and 
radius deep yellow, other longitudinal veins pale purplish brown. Cross 
veins hyaline, invisible except in stigmatic and anal areas. About 10 
stigmatic cross veins; simple, straight. 

Dorsum of abdomen rather bright red-brown. Posterior margins, 
and a small mark at spiracle, black; faint traces of blackish median line; 
dorsal ‘hump’ on tergite 6 black at tip. Pleural fold, and adjacent areas 
of tergites 1-5, deep, dull purplish; faint indications of same, on tergite 6. 
Pleural fold paler on tergite 7, becoming yellowish on 9. Tergites 9 
and 10 lighter red than preceding segments. Venter tan, with faint 
reddish or purplish tinge. Posterior margins of all sternites black. 
Purplish red shading laterally and on anterior margins of basal and 
middle sternites, most evident on basal ones. Genitalia yellowish 
brown. ‘Tails red-brown, joinings black. See fig. 6 for appearance of 
genitalia. 

Female imago (dried). Body shrunken; wing 13 mm. Similar to 
male, except as indicated. Entire head rather bright red-brown; 
narrow dark line at middle of posterior margin; ocelli rose-red. Thorax 
rather more distinctly reddish than in male. Pronotum extensively 
shaded with black. Orange tinge on fore wing more restricted, in 
basal area, than in male. In hind wing, no orange tinge beyond basal 
third. Abdominal segments 1-6, both dorsum and venter, duller and 
more distinctly shaded with purplish; apical segments quite similar. 
Tails somewhat brighter red-brown. 

Male imago (alcoholic specimen). Head and thorax olive brown. 
Purplish shading on pronotum, and pleura of mesothorax. Sternum 
tinged with red-brown. Scutellum black-margined laterally. Legs 
yellowish. Longitudinal veins of both wings, intercalaries in cubital 
region, and cross veins in anal area of fore wing, red-brown; all other 
cross veins pale, invisible. Fore wing flushed deeply with orange at 
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base, and with a fainter stain of same color along costal margin to bulla; 
in some specimens, entire basal half of wing may be faintly orange- 
tinged. Hind wing deeply orange at base; in some, wholly pale beyond, 
in others, entire wing faintly orange-flushed, but much less deeply than 
in typical carolina. Abdomen olive brown, posterior margins of all 
segments purplish. Basal and middle segments shaded with purplish 
red. Irregular darker dots laterally on tergites 1-6, near pleural fold; 
on each of the five basal sternites, a larger black dot next to pleural 
fold. Tails yellow, slightly darker at joinings. 

Female imago (alcoholic specimen). Body 103-11 mm.; wing 14-144 
mm. Very similar to male. Head and middle area of pronotum with 
dusky shading. Much purple shading on mesothoracic pleura. No- 
tum more olive green than in male. Purplish markings on thoracic 
sternum, at posterior margins of pro- and mesosterna. Wings much as 
in male, but orange tinge on hind wing confined to base, and to a barely 
visible discoloration of the anal area. Abdomen orange to reddish 
brown, due to presence of eggs. Strong purplish tinges as in male; 
lateral purplish black shading on tergites more prominent. Tails 
deep yellow; joinings narrowly dark brown. 

Subimagos. Wings much as in B. carolina; in female, rather darker 
(more blackish). Amount and exact distribution of dark coloring 
variable in individuals, as is true also of carolina. Hind wing of male 
shows orange flush only at extreme base (in carolina, entire basal two- 
thirds of wing orange-tinged). Entire body duller and darker than in 
imagos. Black markings at all leg joinings; on tarsi, outer half of each 
joining a broad black line. Tails olive to reddish brown. 

Nymph. Body of male, 83-9} mm.; of female, 10-11 mm. Color 
very variable, ranging from yellow to blackish brown. Many lines and 
streaks of fine dark dots mark the thoracic shield. In some specimens, 
the entire background of thorax and abdomen, dorsum and venter, 
may be obscured by many fine, dark dots close together. Legs banded. 
In pale specimens, obscure and incomplete dark shading on tibia and 
tarsus only. In dark forms, femora also are shaded with dark brown. 
Typically, a distinct black median streak on abdominal tergites; ob- 
lique submedian streaks extending inward from anterior margin, and 
other dark marks nearer the pleural fold. Lateral spine of thoracic 
shield, and forward extension of gena, yellow, the tips piceous. Ven- 
trally, two pale, median spots on mesosternum; a lateral row of pale 
spots on each side of abdomen, on basal and middle sternites; ganglionic 
areas of these segments may be yellowish. On pale specimens, these 
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pale markings are obscure; transverse bands of small, dark dots occupy 
the middle portion of each sternite. Tails red-brown. 

Holotype—Male imago, pinned. Rearedfromnymph. Valle Crucis, 
Crabapple Creek, June 5, 1936 (J. R. T.). No. 1459.1 in Cornell 
University Collection. 

Allotype—Female imago, pinned; reared from nymph. Same data. 
No. 1459.2 in C. U. Collection. 

Paratypes—1 male and 1 female imago, pinned; Valle Crucis, N. C., 
May 26, June 2, 1936 (J. R. T.): 5 male, 2 female imagos, in alcohol; 
June 2-14, 1936; Valle Crucis, N. C. Same collector. No. 1459.3-11 
in Cornell University Collection. 

Differences between this species and B. carolinc may be summarized 
as follows. Nymph: (1) anterior extension of gena slightly more 
upturned; (2) lateral spine of thoracic shield better developed, especially 
in male, so that the entire shield is relatively wider; (3) claws slightly 
shorter and more slender; (4) spines on 8th abdominal segment tending 
to turn downward and inward, rather than upward and outward, as 
in carolina. Imagos: (1) forceps of male longer, and more slender in 
basal portion; (2) median projections on subanal plate of female shorter 
and stouter; (3) orange tinge in both wings less intense, may be re- 
duced in extent as well as intensity. In both stages, the size is con- 
sistently larger than in specimens of carolina. Although all of the 
differences listed are relative, I consider this to be a good species, and 
one distinct from the closely-allied carolina. See plate for figures 
showing relative differences between the two species: figs. 9, 10, 11, 12, 
14, and 15. 

On the morning of May 26, a fine male imago of Baetisca thomsenae 
was resting on the window screen of my room at the Valle Crucis School. 
It was quickly captured, and became my first specimen of this species. 
I located a few Baetisca nymphs that day in Dutch Creek; some were 
in the riffles, others among sand and gravel in water over a foot in depth. 
In the forenoon of June 2, many Baetisca nymph sloughs were found 
clinging to rocks near a ford in Crabapple Creek. So I started to search 
for the nymphs. Remembering my previous experience in collecting 
Baetisca in the piedmont, I held a hand screen in the current and stirred 
about among the rocks and gravel upstream. Each time the screen 
was lifted from the water, it held several Baetisca nymphs. I was most 
curious to discover the exact habitat of these nymphs, in relation to the 
stones, gravel and sand in the stream bed. Presently, as I rested from 
collecting, I noticed a slight stir among the fine gravel in the lee of a 














1937) MAYFLIES OF SOUTHEASTERN STATES 65 


rock. It was a Baetisca nymph, shifting its location. Looking more 
closely, I was able to make out the dorsal shields of several other 
nymphs, each partly buried in the fine gravel or sand, resting with head 
upstream. If disturbed, a nymph would be carried a short distance 
downstream by the current, but usually swam slowly upstream again, 
short tails vibrating. Coming to rest on a stretch of sand, a few rapid 
kicks served to conceal it again, and anchor it against the push of the 
current. Whether yellowish or blackish, the nymphs so resembled 
tiny pebbles in the stream bed that I frequently picked up a pebble, 
thinking it to bea nymph. A few days later, in a series of riffles below 
the ford, I watched a Baetisca nymph for some time, as it alternately 
rested and shifted from place to place. Baetiscas were found in the 
same location also, in one of the streams near Banners Elk. They 
could be picked up by hand readily, once they were located. 

Although I watched forenoon, afternoon, and evening, I was unable 
to see a single imago in flight. None were represented in my collections 
of specimens taken at sunset each day. Nor were any found resting on 
vegetation near the stream. Do they emerge very early in the morning, 
or late at night? And at what hour does the mating flight occur? I 
do not know. Nymphs in rearing cages usually transform to the 
subimago stage in the forenoon, and the imago stage is likewise attained 
between 7 and 11 a.m., in cases observed. Thus it is possible that the 
nuptial flight takes place between 11 a.m. and 2 p.m. 


Subfamily Ephemerellinae 
Genus Ephemerella Walsh 


I. Bicolor group 


Ephemerella doris Trav.. 

A single male imago, taken at Valle Crucis on May 30, is placed 
tentatively in this species. Although it does not conform to the type 
material in all respects, it is certainly very closely allied to doris, if not 
an actual variant of that species. 


Ephemerella funeralis McD. 

This species has not been reported previously from North Carolina. 
Several nymphs are present in material collected by Prof. Needham in 
the Great Smoky National Park, Apl. 3-7, 1934. Specimens are from 
Cataloochee Creek and Big Creek at Walnut Flats. 
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Ephemerella coxalis (?) McD. 

Another new state record. Three nymphs, taken at Valle Crucis in 
late autumn, 1934 (L. C. Thomsen), are so closely allied to coralis that 
I hold them tentatively under that species. 


Ephemerella temporalis McD. 
Several nymphs were collected by Prof. Needham from Hazel Creek, 
Great Smoky National Park, Apl. 4, 1934. 


II. Jnvaria group. 


Ephemerella dorothea Ndm. 

This species is of common occurrence throughout the piedmont and 
Appalachian regions of the state. Several imagos were reared from 
nymphs taken at Valle Crucis and Heaton, while many others were 
captured during their evening nuptial flight. There is a considerable 
size range among individuals of this species, both in nymphs and imagos. 
Thus, male imagos collected during 1936 vary in length of body from 
6to8mm. Females vary also as regards the amount of ruddy colora- 
tion on head, thorax, and abdomen. Some are wholly pale except for 
a black line on anterior margin of pronotum, and dark posterior mar- 
gins on the basal and middle abdominal segments. In small females 
from the Davidson River, the head is quite bright red; entire dorsum 
of thorax and abdomen ruddy brown, only the lateral margins of the 
apical tergites creamy; ruddy shading on posterior portion of proster- 
num; fore femur distinctly reddish. Males se more uniformly creamy 
white; eyes ruby-red; posterior margins of basal and middle abdominal 
tergites may be faintly smoky. In a small male from Davidson River, 
however, the dusky bands on the tergites are more prominent than 
usual; a longitudinal red streak is present on each side of tergites 5 
and 6, traces of same on 4 and 7; middle area of tergites 8-9 rather 
dark red-brown. In both sexes, the tails of the imagos may exhibit 
faint reddish rings at the basal joinings. Nymphs from the vicinity 
of Valle Crucis and Heaton have more dark markings dorsally than the 
more uniformly colored specimens from the piedmont. These dark 
specimens have a pale band on the head between the antennae; pale 
lateral angles on pronotum, pale paired spots on posterior margins of 
tergites. 

Imagos: Valle Crucis, May 27-June 7, Heaton, June 3, Davidson 
river, June 11-20 (L. C. T., J. R. T.). Nymphs: Valle Crucis, same 
period; North Toe River, June 8; and Heaton, June 3. 
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Ephemerella dorothea—Variety A. 

Several imagos captured near Banners Elk on May 31 are so similar 
in general appearance to typical specimens of dorothea from Valle Crucis 
and Heaton, that I am unable to distinguish them except on genitalic 
structure. The penes of the Banners Elk males bear an unusual num- 
ber of spines, 12 or 13 on each side (see fig. 3); the usual number of 
spines for this species is 6 to 9 on each side, typically 7 or 8. Unfor- 
tunately, all of these specimens were taken in flight, none were reared. 
All reared males from Valle Crucis and Heaton are normal as to number 
of spines on the penes. Nymphs collected at Banners Elk are similar 
to many of those from Valle Crucis. Therefore I am holding the 
Banners Elk specimens as a variety, perhaps an aberrant form, of 
dorothea. 


Ephemerella rotunda Morg. 

Many nymphs of this species were collected by Prof. Needham, Apl. 
3-6, 1934, in the Great Smoky National Park, from Cataloochee Creek 
and Twenty Mile Creek. 


Ephemerella fratercula (?) McD. 

This species has not been reported hitherto from the state. A single 
male imago was taken in flight at Valle Crucis, on June 5. As this 
may prove to be a new species, closely allied to fratercula, I present a 
description of the single specimen, which is preserved in alcohol. 

Male imago. Wing 8 mm. Eyes bright orange. Frontal portion 
of head yellow, vertex olive brown. Pronotum yellow, median area 
shaded with brown. Mesonotum light reddish brown, rather sharply 
contrasted with the yellowish pleura and sternum. Faint brownish 
markings along lateral margins of mesonotum; tip of scutellum creamy 
white; median anterior area with brownish shading. Metanotum 
yellow, posterior margin dark brown. Fore legs missing. Middle 
and hind legs whitish, tarsi very faintly smoky; tarsal joinings narrowly 
pale brown. Wings hyaline. Longitudinal veins of both wings very 
pale brown, cross veins invisible; costal margin silvery white except at 
apex. Dorsum of abdomen smoky to olive brown; posterior margins 
of basal tergites darker. Basal and middle segments semihyaline, 
apical segments opaque. Venter much paler than dorsum, but with 
faint smoky tinge; posterior margins of basal sternites deeper smoky. 
Tails pale smoky at base, becoming whitish distally; not darkened at 
joinings. Genitalia shown in fig. 2. 

The spining of the genitalia, as well as the general coloring, resembles 
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fratercula so closely that I am holding the single specimen under that 
name. I would call attention to the following differences, however. 
Tails not dark-ringed, as in typical fratercula; venation pale brown 
instead of hyaline; no mid-ventral ganglionic markings, as in that 
species. 


III. Needhami group. 


Ephemerella septentrionalis McD. 

Another species not reported hitherto from North Carolina. One 
male and three female imagos were taken in flight at Valle Crucis, 
May 25-27. Nonymphs were collected. The extraordinarily long legs 
of this species, both in the nymph and the imago stage, are distinctive. 


Ephemerella catawba Trav. 

Many nymphs were collected at Valle Crucis, and in the Watauga 
River between Valle Crucis and Vilas. A female imago and a subimago 
were reared; two other imagos were taken in flight. No males were 
obtained. The female has not been described heretofore. 

Female imago (alcoholic specimen). Body 8} mm.; wing 93 mm. 
Head and thorax greenish yellow; remainder of thorax deeper yellow. 
A low carina on pronotum, its anterior projection faintly dusky. Mar- 
gins of mesonotum, and submedian triangular areas anterior to scutel- 
lum, dark brown. Posterior portion of mesosternum brownish. Legs 
yellow; tarsal joinings faintly darkened; claws dusky. Wings hyaline; 
stigmatic area faintly milky. Costa, subcosta, and radius of fore wing 
yellowish, all other veins paler, whitish; 8 to 9 stigmatic cross veins, 
wholly pale, anastomosed near costal margin, somewhat aslant. Abdo- 
men discolored, due to presence of eggs. Pleural fold pale; sternites 
appear to be paler than tergites. Posterior margins of tergites nar- 
rowly darkened; those of sternites subhyaline, pale. Tails yellowish 
white, pale brown at extreme base; all joinings distinctly black-ringed. 

Among my pinned specimens (Valle Crucis, May 25) are two females 
which I take to be E. catawba. Note differences between alcoholic and 
dried specimens, as to color of head and thorax. 

Female imago (dried). Frontal portion of head yellow, antennae 
dusky, vertex and occiput pale red. Pronotum red-brown, with black- 
ish shading on the low median carina. Mesonotum light red-brown; 
submedian triangles anterior to scutellum darker. Pleura and sternum 
flesh-colored, with many creamy markings. Legs yellow. Fore femur 
faintly flushed with pink, somewhat dusky at apex. Apical margins 
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of tarsal joinings on all legs faintly dusky. Dorsum of abdomen red- 
dish brown with olive tinge; posterior margins blackish. Tergite 10 
rather brighter red-brown. Sternites 1-6, and 9, yellow; 7 and 8 shaded 
with reddish. Tails as in alcoholic specimens. 

Allotype—Female imago, reared. Watauga River near Valle Crucis, 
May 29, 1936 (J. R. T.). No. 1094.2 in Cornell University Collection. 

Other specimens (nymphs): Great Smoky National Park, June 11, 
1931 (J. G. Needham); Conestee Creek, June 20, (L. C. Thomsen, 
J. R. T.); North Toe River at Minneapolis, June 8 (L. C. T.); Linville 
River at Linville Falls, June 2 (L. C. T., J. R. T.); twenty Mile Creek, 
Great Smokies, Apl. 3, 1934 (J. G. N.); Banners Elk, June 3. 


Ephemerella sp. No. 3 

A single nymph, taken in Twenty Mile Creek, Great Smoky National 
Park, Apl. 3, 1934 (J. G. Needham), is intermediate in its characters 
between E. catawba and E. rotunda. General color, dark red-brown. 
Paler spots on head, anterior to each eye; occiput indistinctly mottled. 
Entire lateral margin of pronotum yellow. Meso- and metanota un- 
marked. ‘Tibiae and tarsi dark-banded. Spines on fore femur mainly 
along posterior margin; do not form a continuous band across dorsal 
surface. A pair of short, submedian spines on posterior margins of 
tergites 3-8. No pale markings on abdomen. Whorls of spines at tail 
joinings prominent in basal half. Body (male nymph) 8} mm. A 
quite similar nymph, from Cataloochee Creek, Apl. 6, 1934 (J. G. N.), 
has a broad, pale, dorsal band the entire length of the body, as in one 
color phase of E. needhami. 


Ephemerella sp. No. 4 

. Allied to E. aurivillit but larger; body (female nymph) 10-12 mm. 
Dorsal abdominal spines much better developed. General color red- 
brown. Two submedian, small, white spots on frontal margin of head; 
a large, rectangular, white spot anterior to middle ocellus; a smaller 
pale spot laterad of lateral ocellus. Occiput and entire dorsum of 
thorax mottled with darker blotches. Legs pale red-brown. Femora 
mottled with yellowish blotches; on fore femur, a small cluster of spines 
near posterior margin, but not forming a band across dorsal surface. 
Inner apical angle (tibial spine) of fore tibia slightly produced. Neither 
tibiae nor tarsi dark-banded. Claws with many pectinations, as in 
E. catawba. Pale submedian blotches may be present on tergites 5 
and 6, next to inner margin of gills; on outer edge of this pale blotch, 
a deeper red streak. Postero-lateral extensions and spines yellowish; 
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no dark transverse band. Dorsal abdominal spines well developed; 
present on tergites 1-9, longest on 4-7. A series of short spines or tu- 
bercles extends from base of each spine forward almost to anterior mar- 
gin of tergite. Tails yellowish red, darker apically; whorls of very 
short spines at joinings in basal half. Paler ventrally, posterior mar- 
gins of sternites narrowly darkened; indistinct lateral line of marks near 
pleural fold. No mature male nymphs. 


Ephemerella sp. No. 5 

A small species of the needhami group, allied to E. catawba. Body 
of mature female nymph, 6-63 mm., of male, 5-53 mm. General color 
light red-brown; dorsum of abdomen with some purplish shading. Pale 
marks on head: anterior to median ocellus; anterior to eyes; submedian 
spots on posterior margin; epicranial suture. Lateral margins of pro- 
notum pale; also irregular lateral markings. Mesonotum with irregu- 
lar dark brown markings between and anterior to wing roots. Legs 
pale red-brown; no dark bands. Spines on fore femur numerous before 
apex, but not forming a continuous band. Postero-lateral extensions 
of abdomen well developed. Paired, submedian, dorsal spines on ter- 
gites 4-8; anterior to each spine, a series of small tubercles. Posterior 
margins of tergites purplish black; lateral areas shaded with purplish; 
middle segments may be white-blotched next to gills. Tails wholly 
reddish brown; whorls of spines at joinings in basal half. Ventrally, 
traces of a lateral line of dark dashes, one pair to a sternite, nearer to 
pleural fold. 


IV. Fuscata group. 


Ephemerella cornutella McD. 

Nymphs of this species in my collection are from Valle Crucis, May 
27-June 8; Heaton, June 3; stream near Blowing Rock, June 7; Cove 
Creek near Vilas, June 9; Davidson River, June 20; Lecky Gap, June 
25; and Little River, Great Smoky National Park, June 26. 


Ephemerella cornuta Morg. 

Imagos: Lecky Gap, June 16; Valle Crucis, June 10. Nymphs: Hea- 
ton, June 3; North Toe River, June 8; Cove Creek, June 21; Valle 
Crucis, May 27—June 10. 


Ephemerella longicornis Trav. 

A few immature nymphs from the type locality, Cedar Creek near 
Glenville, June 15, and one nymph from a stream near Banners Elk, 
June 3. 
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Ephemerella lata Morg. 
One nymph, Valle Crucis, May 28. 


Ephemerella cherokee sp. nov. 
E. tuberculata Morg., as treated in Traver, J. Elisha Mitchell Sci. 
Soc. 47: 175. 1932. 

Nymphs and imagos from North Carolina, which I had previously 
considered to be E. tuberculata Morg., do not agree in many respects 
with Canadian specimens which Dr. McDunnough has reared. The 
type material, a single nymph taken near Ithaca, is no longer in exist- 
ence. Dr. Morgan’s figures indicate a tibial spine even longer than 
in the Canadian forms; occipital tubercles large, slightly convergent 
apically. The description calls for a “double row of distinct brown 
spots” ventrally. As the Canadian specimens seem nearer to the origi- 
nal description than do those from North Carolina, I am considering 
the latter as representing a new species. 

Imago (alcoholic specimens). Body of male, 10 mm.; female, 9-10 
mm.; wing of male, 10 mm.; female, 10-10} mm. Distinguished from 
the Canadian specimens (on which the description in Biology of May- 
flies is largely based) by the much darker venation, and the entire lack 
of dark ventral markings on the abdomen of the female. All longi- 
tudinal veins yellowish at extreme base, distinctly red-brown beyond. 
Cross veins in stigmatic area and in adjacent subcostal space pale 
red-brown; all others very pale, invisible except in apical area of radius 
of fore wing, and subcostal space of hind wing. Those of stigmatic 
area strongly anastomosed near costal margin. Eyes of male smaller 
in the North Carolina form; notum and sternum of thorax darker, 
blackish brown. No dark lateral dash on each sternite, next to pleural 
fold; other ventral markings in male diffuse, most evident on apical 
segments, obsolescent on basal ones. In female, no dark markings 
ventrally. ‘ 

Nymph. Size very slightly larger than Canadian specimens. Gen- 
eral color of body light red-brown; in life, greenish, often with a promi- 
nent whitish mid-dorsal stripe. Somewhat less hairy than Canadian 
form. Rather fewer tubercles on dorsal surfaces of femora, especially 
noticeable on the second leg. Tibia of second leg fully as long or slightly 
longer than femur; in Canadian forms, slightly shorter. Tibial spine 
of fore leg extends forward only about } the length of the tarsus, while 
in Canadian specimens it extends almost half the length of the tarsus. 
Tubercle on lateral margin of pronotum much smaller than in Canadian 
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form; submedian tubercles on anterior margin of mesonotum, and me- 
dian tubercle between wing cases, lower and more rounded. Paired 
submedian spines on abdominal tergites 3-7 relatively shorter. Lateral 
margin of 8th segment practically straight, the spine slightly incurved. 
In Canadian specimens, this margin is convex in basal portion, slightly 
flaring beyond, somewhat as in E£. allegheniensis; spine barely or not at 
all incurved. Ventral abdominal markings much less distinct; when 
evident, reddish brown. Canadian specimens have a row of prominent 
blackish lateral streaks on each side. 

Holotype—Male imago, reared. Cedar Creek near Glenville, N. C., 
July 25, 1930 (J. R. T.). No. 1460.1 in Cornell University Collection. 

Allotype—Female imago, reared. Ocona Lufty River near Cherokee, 
N. C., June 28, 1930 (J. R. T.). No. 1460.2 in C. U. Collection. 

Paratypes—Two female imagos, reared. Conestee Creek near 
Cedar Mt., N. C., July 19, 1930 (J. R. T.). No. 1460.3-4 in C. U. 
Collection. 


Ephemerella sp. 

Many female imagos were ovipositing in the Davidson River in the 
early forenoon of June 5, and again on June 16. They came flying 
steadily upstream toward the riffles where we were collecting, two or 
three to a dozen at a time. Occasionally one would dip down toward 
the surface of the water. They were unaccompanied by males. 

The sprinkling of black dots on the femora indicates a relationship to 
the fuscata-tuberculata division of this group. There are no traces of 
black ventral markings on the abdomen, as in tuberculata; size smaller 
and venation paler than in cherokee; body color and venation darker 
than in fuscata, the red vertex of that species replaced by brownish 
black. Specimens seem too large to be wayah, imagos of which are not 
known. 

Female imago (alcoholic specimen). Body 6-7 mm.; wing 8-9 mm. 
Frontal portion of head dark red-brown; vertex and occiput blackish, 
as is the pronotum. Thorax deep blackish brown, pleura somewhat 
paler. Venation light red-brown, longitudinal veins distinct. Fore 
legs blackish brown; femora of middle and hind legs olive brown, tibiae 
and tarsi yellowish; all femora with sprinkling of small black dots. 
Brownish shading at extreme base of both wings. Abdomen dark 
olive brown with reddish tinge; slightly paler ventrally. No apparent 
darker markings. Tails deep smoky brown, narrowly pale at joinings. 
Pinned specimens very similar. Specimens taken on June 16 are 
slightly smaller than those of June 5, otherwise similar. 
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V. Serrata group. 


Ephemerella deficiens Morg. 

Imagos: Banners Elk, June 8; near Penrose, June 12; Davidson River, 
June 19-20. Nymphs: Valle Crucis, May 27-June 8; Heaton, June 3; 
Davidson River, June 17; Lecky Gap, June 16. 


VI. Simplex group 


Ephemerella sp. No. 1 

A single specimen of this species, a mature female nymph, was taken 
in a stream near Blowing Rock on June 7 (L. C. Thomsen). Body 6} 
mm. in length. Femora definitely wider than in E. simplex, to which 
it is allied; lateral margins of abdomen likewise more expanded, so 
that body appears wider. Tails distinctively marked: except at base, 
a series of three or four brownish joints alternate with one pale joint; 
joinings darker on brown areas. This appears to be a distinct species. 


Undetermined female imagos 

Among the specimens taken in flight in and near Valle Crucis are a 
dozen or more female imagos, representatives of four or five species. 
Some are evidently of the invaria or the needhami group, others seem 
to be of serrata or simplex group. I am unable to determine these as 
to species at the present time. 


Subfamily Baetinae 
Genus Callibaetis Eaton 


Callibaetis sp. 
Two nymphs of an undetermined species of this genus were taken at 
Valle Crucis in the autumn of 1934 (L. C. Thomsen). 


Genus Baetis Leach 


Baetis incertans McD. 

A single male imago was reared from nymph; Valle Crucis, May 30. 
Nymphs: Valle Crucis, June 8; Cove Creek north of Vilas, June 9. 

Nymph. Body of male, 44 mm. Head and thorax red-brown. 
Legs dark-banded. Abdominal tergites 1-3 and 6-8 largely brown; 
lateral margins and middle line at anterior margin pale, on 1-3. Median 
and lateral areas of tergite 4 pale, remainder brown. Tergite 5 largely 
pale, except for two dark submedian dots and narrow dark antero- 
lateral streak. Tergites 9-10 pale, unmarked. A pair of obscure, dark, 
submedian dots on tergites 6-8. Sternites 6-8 faintly dark-shaded; 
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posterior margins narrowly dark. Gills obovate; white, margins nar- 
rowly brown, main trachea visible in basal half only. Tails pale, tips 
darker. 
Baetis cingulatus (?) McD. 

A single male imago taken in a spider’s web near Trade, Tenn., June 
9 (L. C. Thomsen). This species has not been reported previously, 
either from North Carolina or Tennessee. 


Baetis sp. 

Several female imagos, caught in a spider’s web at Conestee Creek, 
above the town of Cedar Mountain, June 28. 

Two species of nymphs from Valle Crucis, May 26 and June 8. One 
species from Cove Creek at Sugar Grove, north of Vilas, June 9. One 
species, Twenty Mile Creek, Apl. 3, 1934 (J. G. Needham). 


Genus Acentrella Bengtsson 


Further study of the specialized Baetine group, Neotropical and Palae- 
arctic as well as Nearctic, has convinced me that many genera are 
involved, and that it may not be possible in all cases to be certain of the 
genus unless both the nymphs and imagos are known. The nymph 
of Bengtsson’s genus Acentrella is distinct from all species of Baetis 
except those allied to bicaudatus Dodds, by reason of its two-tailed 
condition. In the imago, the costal angulation of the hind wing is 
wholly wanting; a rounded or somewhat truncate ‘penis-cover’ is pres- 
ent on the male genitalia, between the bases of the forceps. Given 
both nymph and imago, it is possible to separate a certain group of 
Baetis-like species from all others in the subfamily; it is to members of 
this group that Bengtsson’s generic name applies. I am convinced 
now that this group is worthy of generic rank, as I have indicated in 
Mayflies of North Carolina, although the species are treated under the 
genus Baetis, in the Biology of Mayflies. 


Acentrella ampla Trav. 

A small, rounded penis-cover is present between the forceps cases, in 
this species. The original figure merely suggests the presence of this 
structure; it was, in fact, not clearly indicated until the genitalia had 
been treated in caustic potash and re-mounted. 


Genus Centroptilum Eaton 


Centroptilum sp. 
Females of two undetermined species of Centroptilum were taken in 
flight. One species, in which the body is rather uniformly reddish 
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brown, venter of abdomen paler, is represented by specimens taken at 
Banners Elk, May 31, and Cranberry, June 8. A single female of the 
second species, smaller and yellow-brown, was taken in the Pisgah 
National Forest on June 20. 


Genus Pseudocloeon Klapalek 


Pseudocloeon carolina Bks. 
A single nymph, Valle Crucis, June 6. 


Pseudocloeon dubium Walsh 

This species is represented by nymphs from Cove Creek, June 9; 
stream near Blowing Rock, June 7 (L. C. T.); and the Great Smoky 
National Park, June 11, 1931 (J. G. Needham). 


Pseudocloeon sp. 

Undetermined female imagos of this genus were taken in flight at 
Davidson River, June 20; Penrose, June 12; near Blowing Rock, June 7; 
Conestee Creek, June 22. ; 

Several nymphs of the carolina-cingulatum group are from Valle 
Crucis, May 25; Banners Elk, May 31; and Heaton, June 3. These 
resemble carolina in general coloration, but are more slender. 


Genus Cloeon Leach 


Cloeon sp. 
A single undetermined female imago, Valle Crucis, June 7. 


ALABAMA* 


In Alabama, Tuscaloosa was selected as headquarters for collecting 
trips and for the rearing of nymphs. Tanks of running water, in the 
Zoology Department of the University of Alabama, were made avail- 
able to us for rearing purposes, thanks to the kindness of Dr. Septima 
Smith of the Zoology Department of that institution. 


* Small streams in northern and central Alabama, in which we made collec- 
tions, are relatively poor in mayfly, stonefly, and caddisfly faunas. This paucity 
of the mayfly nymphs in the small streams was very marked, in contrast with the 
rich collecting we had just left, in the mountains of North Carolina. It was also 
in striking contrast to the wealth of material to be obtained in the Odonate group, 
both dragonflies and damselflies. In only one stream of a dozen or more in which 
we collected assiduously, did we find more than six or eight mayfly nymphs, and 
that after an hour or more of endeavor. The larger rivers yield representatives 
of the Ephemeridae, as well as a few species of the other two families. No attempt 
was made to collect in the Black Warrior River in or near Tuscaloosa; it appears 
to be much polluted as it passes through that city. 
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All species listed here, with the exception of Hezxagenia bilineata, 
have not been reported previously from the state of Alabama. 


Family EPHEMERIDAE 
Subfamily Ephemerinae 
Genus Hexagenia Walsh 


Hexagenia bilineata Say 

Imagos of both sexes were numerous on the store windows in Tus- 
caloosa on the evening of July 2. On July 4, many imagos and sub- 
imagos were seen on a bridge over a river between Birmingham and 
Decatur. Many were tangled in spiders’ webs. Great numbers of 
nymphal skins were floating on the surface of the water, but we were 
unable to obtain any of them. The following day, many imagos were 
taken from low vegetation along the shore of Wilson Lake, just above 
the dam at Muscle Shoals. 


Hexagenia orlando Trav. 

Three male imagos taken in Tuscaloosa, June 29-July 2, correspond 
quite closely to specimens of orlando taken at Spring Creek, Ga. The 
type specimen of this species is paler, due to immersion in alcohol for a 
longer period of time, but is similar in essential features. In the Alabama 
specimens, the middle and hind legs are wholly yellow except for claws 
and distal tarsal joints, which are black; in typical orlando, all joinings 
of these legs are brown. Four females taken along with the males are 
evidently of the same species. Another female accompanying them 
has the dark markings on dorsum of abdomen much reduced; it may 
be only a very pale form of the same species. Nymphs of this species 
are not known. 


Hexagenia sp. 

Nymph (described from specimens taken at Cooley Creek). Body 
(including tusks): female, 30 mm.; male, 22 mm. Mandibular tusks 
as in fig. 17. Frontal process of head rounded laterally, anterior mar- 
gin flattened. Head and thorax reddish brown. Legs yellow, with 
usual fringes of dark orange hairs. Abdomen yellowish white. A wide, 
grey, mid-dorsal band encloses pale, broken, submedian lines; from 
each end of this dark band, on the posterior margin, an oblique grey 
streak extends antero-laterally. Gills and gill fringes deep purplish 
grey. Tails white to yellowish, fringed with yellow hairs. Ventrally, 
traces of purplish transverse dashes at postero-lateral margins, and in 
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median area of sternites 7 and 8. In male, black, submedian, trans- 
verse dashes on anterior margins of basal and middle sternites. 
Specimens were taken at Cooley Creek, between Tuscaloosa and 
Birmingham, July 4. An immature nymph was taken from Big Sandy 
Creek near Coaley, on July 2 (R. E. Hodges); nymph skins of the same 
species floated near the shore of Thompson’s Lake, near Tuscaloosa, 
on June 29. Unfortunately, no adults were reared, nor were any 
found in the same vicinity as the nymphs. Can this be the nymph of 
H. orlando? It is evidently a species whose habitat is small lakes and 
streams, rather than the large rivers usually inhabited by H. bilineata. 


Genus Pentagenia Walsh 


Pentagenia vittigera Walsh 
Two females were captured from store windows in Sheffield, on the 
evening of July 4. 


Family HEPTAGENIIDAE 
Genus Stenonema Trav. 


Stenonema interpunctatum Say 

Imagos of this or a closely allied species were taken from vegetation 
on the shore of Wilson Lake, on July 5. A single female from the North 
River near Tuscaloosa may be of this same species. 


*Stenonema smithae sp. nov. 

A species of the pulchellum group; superficially very similar to S. 
integrum McD., but differing in details of genitalic structure. 

Male imago (dried). Body 73 mm.; wing 73-8 mm. Head pale. 
A faint ruddy transverse band across median carina. Tip of basal seg- 
ment of antenna, and filament, dusky. Eyes large; piceous. Thorax 
pale yellowish white; mesonotum, also areas on pleura, flesh-colored. 
Scutellum white. Fore femur and tibia yellow; ruddy median and api- 
cal bands on femur; tip of tibia black. Tarsus paler, yellowish white; 
claws and tip of distal joint, and all joinings, dusky. Middle and hind 
legs yellowish white; ruddy bands on femora, as in fore leg; tips of tibiae, 
claws and distal tarsal joints, dusky. Basal joint of fore tarsus less 
than half the length of the second. Wings hyaline. Venation of fore 
wing brown, rather darker than in integrum; subcosta and radius yel- 


* I take pleasure in naming this species for Dr. Septima Smith, who extended 
to us many courtesies during our stay in Alabama. 
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low; all longitudinal veins finer than cross veins. Humeral cross vein 
infuscated, also base of subcosta. Cross veins more regularly distrib- 
uted than in integrum,—less tendency toward serial arrangement. 
Usually three costal veins before the bulla. Stigmatic cross veins 7 
or 8 in number; simple, straight. Very faint. reddish tinge in stigma. 
Venation of hind wing wholly pale; outer margin very narrowly dusky 
in apical portion only. 

Abdomen pale yellowish. Stigmatic dots well developed. Posterior 
margins of tergites narrowly dark, most evident in median area. Api- 
cal tergites faintly flesh-colored. Pleural fold yellow. Sternites un- 
marked. Tails whitish, alternate joinings narrowly purplish black. 
Genitalia more distinctly L-shaped than is the case in integrum. 

Male imago (alcoholic specimen). Dusky markings at middle of 
anterior margin of mesonotum, and along its antero-lateral angle. A 
faint dusky streak on prothorax, above leg base; on mesothoracic 
pleura, very faint dusky pencilings above leg bases. Fore femur with 
faint ruddy tinge; apical ruddy bands of all femora more distinct and 
more reddish than median ones. Abdominal segments 1-7 whitish, 
not yellowish as in dried specimen. 

Female imago (alcoholic specimen). Body 73-8 mm.; wing 8-9 mm. 
Similar to male except as indicated. Reddish stigmatic tinge may be 
more evident than in male, or it may be wholly obsolescent. At bulla, 
cross veins in first three spaces are: 1, 2,2. Cross veins somewhat more 
numerous than in male; tend to be arranged irregularly in series. A 
blackish longitudinal penciling extends the length of each femur, near 
middle of outer surface. A faint reddish tinge may be present on basal 
third of each tibia. Dusky pencilings on thoracic pleura, spiracular 
dots, and dark posterior margins of abdominal tergites, more evident 
than in male. Thorax and apical abdominal segments more yellowish. 
Lateral tracheae dusky, on apical segments. Dusky margin of hind 
wing more extensive. 

Nymph. Head dark brown; frontal portion thickly freckled with 
small pale dots. Pale area along outer margin of eye; one dark spot in 
this pale border. A fleur-de-lis shaped pale mark anterior to median 
ocellus. Pale areas next to inner margin of eye, and a diamond-shaped 
pale median area between eyes. Bases of antennae dark brown, fila- 
ment paler. Thorax dark red-brown; pronotum darker and less red 
than mesonotum. Pale markings on pronotum: narrow median line; 
a pair of submedian dots; lateral triangular marks; middle portion of 
lateral margin, and an inwardly-directed anterior arm from same. 
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Median line of mesonotum pale; a few small and indistinct pale dots 
anterior to wing roots. Femur largely dark except at base, apex, a 
pre-apical band, and small pale median areas enclosed by dark color. 
Near apex, a reddish band as in imago. Tibia yellow; a narrow basal 
and a wider median dark brown band. Apical half of tarsus pale. 

Abdominal tergites 1-5 pale laterally, and irregularly in median area, 
elsewhere dark brown. Tergites 6-10 largely dark brown; a pale lateral 
triangle on 6 and 7; anterior margins of 9 and 10, and submedian dashes 
from anterior margin of 9, likewise pale. Venter yellowish. Brown 
streaks along lateral margins of sternite 9. Very faint indications of 
dark submedian dashes from anterior margin of each sternite, and a 
dark dot near end of each. On sternite 9, a faint dark median spot at 
anterior margin; a transverse dark line extends laterad from it. Tails 
red-brown at base, followed by a yellow area, in which joinings are 
brown; in apical two-thirds, three dark joints alternate with one pale 
joint. Gills purplish grey; tracheae black. 

Holotype—Male imago, pinned. Reared from nymph. Spencers 
Mill, Tuscaloosa, Ala., July 1, 1936 (J. R. T.) No. 1461.1 in Cornell 
University Collection. 

Allotype—Female imago, in alcohol; reared. Same locality, July 
3, 1936 (J. R. T., S. C. Smith). No. 1461.2 in C. U. Collection. 

Paratypes—Three male imagos, two female imagos; same locality, 
June 30—July 8, 1936 (J. R. T.,S. C. Smith). No. 1461.3-7 in C. U. 
Collection. 

Nymphs of this species were collected at Spencers Mill near Tusca- 
loosa, Ala., and reared in tanks in the Zoology Laboratory at the Univ. 
of Alabama. The imagos differ from the allied species S. integrum as 
follows: (1) Larger size; (2) genitalia of male distinctly L-shaped; (3) 
cross veins in wings less regularly arranged in series; (4) spiracles marked 
by a distinct dark dot rather than a dash; (5) no median dorsal mark- 
ings on tergites. 


Stenonema alabamae sp. nov. 

Another species of the pulchellum group, allied to S. integrum McD. 
Basal joint of fore tarsus longer than in any known species of this 
genus. 

Male imago (dried). Body 6 mm.; wing 7 mm. Frontal portion of 
head pale; a wide, dark, transverse band across median carina. Much 
ruddy shading on vertex and occiput. Pronotum clay-colored, median 
areas dusky. Pleura and sternum of mesothorax flesh-or-clay-colored ; 
alabaster white areas on pleura, and on sternum between middle legs. 
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Anterior to wing roots, and on pleura, distinct ruddy shading. Black- 
ish pencilings above leg bases. Mesonotum blackish brown; tip of 
scutellum, and small area anterior to it, whitish. Fore legs yellowish 
white; femora faintly smoky. Median and apical ruddy bands on 
femora; darker shading at base. Tips of tibiae blackish. Claws, 
most of distal joints of tarsi, and all joinings, dusky. Basal joint of 
fore tarsus fully three-fourths as long as the second. This is true of both 
legs. Is it an abnormality? On this character, the species would fall 
into Cinygmula; but genitalia, venation, and all other characters are 
that of the genus Stenonema. 

Middle and hind legs whitish; femora twice-banded with reddish; 
tibial and tarsal joinings, claws and tips of tarsi, dusky. Wings hy- 
aline. No crowding of cross veins at bulla; in first three spaces, these 
are: 1, 2, 2. Base of costa and subcosta, and humeral cross vein, in- 
fuscated. Three main veins of costal margin yellow, well developed; 
other longitudinals much finer than cross veins, brown. Cross veins 
blackish brown; some tendency toward serial arrangement as in S. 
integrum. Five costals before bulla; seven or eight in stigmatic space; 
simple, may be slightly aslant. Distinct reddish stigmatic stain; 
seems wholly confined to subcostal space. A wide smoky border on 
hind wing occupies fully one-fourth of the width of the wing. Abdom- 
inal segments 1-7 semihyaline. Wholly white ventrally; tergites 
with distinct smoky tinge. A rather wide dark brown posterior border 
on all tergites; spiracular dots present, but more or less obscured by the 
dark margins. Segments 8-10 opaque. Tergites 8-10 rather bright 
red-brown; a pale median spot on tergite 10. Sternites whitish. Tails 
whitish; alternate joinings purplish brown. Genitalia much as in S. 
rubrum McD. 

Female imago (dried). Body 6-7 mm.; wing 8 mm. 

Head whitish; band on carina usually present, as in male. Thorax 
flesh-colored; sternum whiter than pleura. Fore leg pale yellowish, 
other legs whitish; marked as in male, the femoral bands purplish red. 
All longitudinal veins yellowish, fine; cross veins very heavy, dark 
brown; as in male, a tendency for these to be arranged in a series, but 
the wide interspaces thus formed appear before the bulla (in integrum, 
these are beyond the bulla). At bulla, cross veins may be: 1, 2, 2; 
or 1, 3,3. Wide smoky border on hind wing, as in male, but somewhat 
paler smoky. Abdomen yellow, when filled with eggs, otherwise whit- 
ish. Spiracular dots large, distinct; posterior margins narrowly black. 
Sternum unmarked. Tails as in male, but the darker joinings may be 
obscure in the basal portion. 
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Holotype—Male imago, pinned. Store window at Sheffield, Ala., 
July 4, 1936 (J. R. T., L. C. Thomsen). No. 1462.1 in Cornell Uni- 
versity Collection. 

Allotype—Female imago, pinned. Same data. No. 1462.2 in C. U. 
Collection. 

Paratypes—Eight pinned females, two females in alcohol. Same 
data. No. 1462.3 12 in C. U. Collection. 

The somewhat larger size, differences in venation and genitalia, and 
unusual length of basal fore tarsal joint of male serve to distinguish 
this species from the allied S. integrum McD. 


Stenonema exiguum Trav. 

A single female imago of this species was found on the radiator of 
the car on June 27. It had been collected somewhere between Bir- 
mingham and Tuscaloosa. 


Genus Heptagenia Walsh 


Heptagenia minerva McD. 

Hundreds of these tiny and very dainty mayflies crowded the store 
windows of Sheffield on the evening of July 4. We collected until our 
cyanide jars would hold no more. Did they come from the Tennessee 
River, or from some small tributary which we did not see? 


Heptagenia aphrodite (?) McD. 
A single nymph taken in Cooley Creek on July 4 is doubtfully re- 
ferred to this species. 


Family Baetidae 
Subfamily Siphlonurinae 
Genus Isonychia Eaton 
Isonychia fattigi Trav. 
A single male imago which agrees well with the type material of this 
species was removed from the radiator of the car on the evening of our 
arrival in Tuscaloosa, June 27. It had been picked up somewhere be- 


tween Birmingham and Tuscaloosa. Five female imagos which may 
be of this species were collected on store windows at Sheffield, July 4. 


Isonychia circe (?) Trav. 

Nymphs of this species were fairly abundant in the small stream 
above Spencers Mill, near Tuscaloosa, in Cooley Creek between Bir- 
mingham and Tuscaloosa, and in the North River about fifteen miles 
from the latter city. Several were reared in the Zoology Laboratory. 
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From nymphs taken in the North River, two females emerged, but no 
males. Nor were any imagos caught in flight, although two were seen 
at twilight over North River. The female imago bears a close resem- 
blance to the type material of circe, aside from its slightly larger size 
(body 11 mm.; wing 10 mm.). 

Mature nymph (Cooley Creek specimen). Body of female, 11 mm. 
General color dark red-brown. Basal joints of antenna marked with 
white; remainder dark brown, no distinct dark band. A wide, pale, 
median stripe on head is continued backward over the entire thorax, 
and more indistinctly for the length of the abdomen. Laterally on 
pronotum, two pale, crescentic marks, and one small round spot. 
Tibial spine of fore leg relatively long, extending fully one-half the 
length of the tarsus; curved slightly outward. Spines on outer surface 
of tibia few in number, 12 to 15 only. Fore leg dark red-brown; pale 
median and apical bands on femur; claw, and distal half of tarsus pale. 
On other legs, pale bands also at base of femur and at each end of tibia. 
Anterior margin of tergite 10 pale, apical portion black. Postero- 
lateral spine on segment 9 distinctly longer than that on 8. Traces 
of narrow, black, submedian lines bordering the paler median area, on 
tergites. Ventrally, traces of pale submedian streaks from anterior 
margin. Gills largely deep purplish. 

A mature male nymph taken at Big Sandy Creek near Cooley may be 
of this same species. However, the fore femur is largely yellowish; 
tibial spine shorter and stouter. General appearance similar to Cooley 
Creek specimens. Body 10 mm., which is rather larger than one would 
expect the male of this species to be. Other nymphs in the Cornell 
Collection, from Huntsville, June 18, 1931, agree well with the Cooley 
Creek specimens except for the fore femur, which again is largely pale. 


Subfamily Ephemerellinae 
Genus Ephemerella Walsh 


Ephemerella doris Trav. 
One nymph, the only representative of this genus collected in the 
state, was found in Cooley Creek on July 4. 


Subfamily Caeninae 
Genus Caenis Stephens 


Caenis jocosa (?) McD. 
Among the swarming multitudes of mayflies on the windows at 
Sheffield on the evening of July 4, was one female Caenis, which appears 


to be of this species. 
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Subfamily Baetinae 
Genus Acentrella Bengtsson 


Acentrella propinqua (?) Wish. 

One male and one female imago were taken at Sheffield on July 4. 
As I am not certain that these specimens are propinqua, I present a brief 
description of each sex. Genitalia of male as in fig. 5. 

Male imago. Body 4mm.; wing 4mm. Turbinate eyes very large, 
set on very short stalks; bright red-brown. Antennae dusky. Head 
and thorax black-brown; intersegmental areas of thoracic pleura some- 
what paler. Legs white. Wings hyaline. Costa and subcosta dark 
brown at extreme base; humeral cross vein dusky; longitudinal veins in 
anterior half of fore wing pale brown, all other veins colorless. Abdom- 
inal segments 2-6 white, hyaline; posterior margins very faintly yel- 
lowish; at each spiracle, a black circle (not a dot). Tergites 7-10 red- 
dish to maroon; sternites paler, somewhat dusky. Tails white, 
unmarked. 

Female imago. Body deep orange; thorax somewhat paler and duller 
than abdomen. Legs greenish brown. Longitudinal and cross veins, 
and marginal intercalaries, dark brown. 


Genus Pseudocloeon Klapalek 


Pseudocloeon dubium (?) Wlsh. 
One male subimago and several female imagos, taken on the windows 
at Sheffield, July 4, are held under this name. 
Genus Centroptilum Eaton 


Centroptilum sp. 
Two female imagos of an undetermined species of this genus were 
taken at Sheffield, July 4. 
FLORIDA 
Family EPHEMERIDAE 
Subfamily Neoephemerinae 
Genus Oreianthus Trav. 


Oreianthus sp. No. 1 

Mature nymphs of a species of Oreianthus much smaller than 0. 
purpureus were taken in the Sweetwater Branch, Liberty Co., on Apl. 
3, 1927, by Prof. Needham. Since the differences noted between these 
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nymphs and those of O. purpureus might be generic rather than specific 
(the nymph of the closely-allied genus Neoephemera is not known), I 
designate this species by number only. 

Nymph. Body of female, 9-10 mm.; of male, 8-83 mm. General 
color, dark red-brown. Head, thorax, and abdomen finely mottled 
with tiny, pale dots. Crescentic, pale mark on head anterior to median 
ocellus; diamond-shaped pale spot between base of antenna and inner 
anterior corner of eye. Lateral margin of pronotum widely flaring at 
each angle, the middle area concave (see fig. 13). The short, submedian 
tubercles on anterior margin of this sclerite are closer together than in 
purpureus, almost approximated at the median line. Lateral margin, 
usually also a narrow, median line, pale yellowish. Projections at 
anterior margin of mesonotum yellowish, extending out only slightly 
beyond margin of pronotum. The median tubercle between the wing 
cases is rather better developed than in purpureus. Median spine on 
mesosternum much as in that species. Legs yellowish to pale red- 
brown. No distinct markings dorsally. Ventrally, a small, dark dot 
at apex of trochanter; triangular area on apical portion of femur pale 
yellowish. Tip of tibia not produced anteriorly, as in purpureus. 
Claws slightly longer and more distinctly curved than in that species. 

Median line of abdominal tergites may be wholly pale, or with a 
pale spot at extreme anterior and posterior margins only. Postero- 
lateral projections paler red-brown than main portions of segments. 
These projections are rather more flaring than in purpureus, especially 
that on segment 9, which is also relatively longer and more slender. 
The distinct median tubercle present on the posterior margins of the 
middle tergites in purpureus is here much reduced. Ventrally, a lat- 
eral row of dark dots on each side, located at anterior margin of each 
sternite; traces of a dark streak extending backward from each of these. 
Ganglionic area of each basal and middle sternite a paler, rounded spot. 
Tails light red-brown. 

GEORGIA 


Family EPHEMERIDAE 
Subfamily Neoephemerinae 
Genus Oreianthus Trav. 


Oreianthus sp. No. 1 

Specimens of this species in the Cornell Collection are from Upatoi 
Creek, Apl. 29, 1931; Oconee River near Greensboro, Apl. 9, 1931; 
and Town Creek, May 14, 1931 (P. W. Fattig). 
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Family HEPTAGENIIDAE 
Genus Heptagenia Walsh 


Heptagenia thetis Trav. 
Several females, taken at Swamp Creek near Dalton, May 26, 1931 
(P. W. Fattig). 


SOUTH CAROLINA 
Family EPHEMERIDAE 
Subfamily Ephemerinae 
Genus Hexagenia Walsh 
Hexagenia carolina Trav. 
One male subimago, Clemson College, June 4, 1931 (D. Dunavan). 


Hexagenia marilandica Trav. 
A male imago and one subimago, Clemson College, June 23, 1933 
(B. M. Latham). 


Hexagenia kanuga sp. nov. (described under North Carolina) 
Florence, May 16, 1929 (O. L. Cartwright). 
MARYLAND 
Family EPHEMERIDAE 
Subfamily Potamanthinae 
Genus Potamanthus Pict. 


Potamanthus inaequalis Ndm. 
Imagos of both sexes, taken at Conococheague Park, near Hagers- 
town, July 22, 1926 (V. Argo). 


Potamanthus walkeri Ide 
Several nymphs, the Potomac River near Brunswick, June 19, 1926 
(V. Argo). 
Family HEPTAGENIIDAE 
Genus Heptagenia Walsh 
Heptagenia lucidipennis Clem. 
About twenty-five specimens, adults of both sexes, were collected 
from a store window in Frederick, on the evening of May 21, 1936 
(J. R. T., R. Rice). 


CorNELL UNIVERSITY, 
IrHaca, N. Y. 
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EXPLANATION OF PLATE 6 


. Rhithrogena rubicunda. Penes. 

. Ephemerella fratercula (?). Penes. 

. Ephemerella dorothea. Variety A. Penes. 

. Rhithrogena fasciata. Penes. 

. Acentrella propinqua. Male genitalia. 

. Baetisca thomsenae. Male genitalia. 

. Potamanthus distinctus. Mandibular tusk and part of head, nymph. 
. Oreianthus purpureus. Male genitalia. 

. Baetisca carolina. Subanal plate, female imago. 

10. 
11. 


Baetisca thomsenae. Subanal plate, female imago. 
Baetisca thomsenae. Claws of nymph. A—Ist claw; B—2nd claw; C— 


3rd claw. 


12. 


Baetisca carolina. Claws of nymph. A—lst claw; B—2nd claw; C— 


3rd claw. 


13. 


Oreianthus sp. No. 1. Pronotum and anterior portion of mesonotum, 


nymph. 


. Baetisca thomsenae. Lateral portion of mesothoracic shield, nymph. 
. Baetisca carolina. Lateral portion of mesothoracic shield, nymph. 

. Hexagenia marilandica, Mandibular tusk, nymph. 

. Hexagenia sp. Mandibular tusk, nymph. 

. Iron rubidus. Lateral spines on abdominal segments 6 and 7; nymph. 
. Iron subpallidus. Lateral spines on abdominal segments 6 and 7; 


nymph. 








PLATE 6 














THE FORMATION OF NEW SIPHON OPENINGS IN THE 
TUNICATE, STYELA PLICATA* 


By W. C. GEoRGE 
PLATE 7 


If one experimentally closes either of the siphon openings of the 
tunicate, Styela plicata, the animal exhibits a remarkable adaptive re- 
sponse. New siphon openings are quickly formed, and the animal 
resumes normal physiological activity. The directness and effective- 
ness of this response were such as to indicate a bearing on the mecha- 
nistic conception versus a mystical entelechy. An analysis of the proc- 
esses involved was attempted, therefore, with this point of view in 
mind. 

Styela plicata is one of the larger simple ascidians. Large specimens 
may measure as much as ten centimeters in length. The inhalent 
siphon is terminal in position and the exhalent siphon is near it, set 
only a little way back on the dorsal side. The tunic forming the outer 
covering of the animal is thick and very tough. The mantle just 
beneath it is thick and has a highly developed network of muscle fibers 
circularly, longitudinally, and obliquely disposed. This muscular 
mantle constitutes the middle layer of the siphon wall. Internal to 
it, extending as far down as the tentacles, there is a thin layer of tunic 
continuous over the margins of the mantle at the lips of the siphon with 
the outer tunic (fig. 1). At the margin of each siphon there are typi- 
cally four lobes of thickened tunic, and four double lines of pigment ex- 
tend from the inner lining of the siphon over the margin and a little 
way down the outside (figs. 4a and b). 

In my first experiments I closed either the inhalent orexhalent siphon 
by ‘sewing, using a large needle and twine. The animals were then 


* This investigation was aided by a grant from the Rockefeller Fund for Re- 
search in Pure Science at the University of North Carolina. The observations 
were made at, or upon material obtained at, the United States Fisheries Biologi- 
cal Laboratory, Beaufort, North Carolina. I am indebted to Hon. Frank T. Bell, 
Commissioner of Fisheries, for permission to use the facilities of the station and 
to Dr. Herbert F. Prytherch, Director, and other members of the staff for cour- 
tesies and assistance. 
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placed in a live box. A few days later I observed that there was in 
each case a well developed and normally functioning new orifice a little 
below the old one. In subsequent experiments, in order to eliminate 
the possibility of a needle hole being enlarged and used for a new 
orifice, the original orifices were closed by tying. Animals to be experi- 
mented upon were left in some cases in their natural positions attached 
to the wharf pilings. With these it was necessary to tie the siphons and 
make the observations at low tide when the animals were exposed. 
In other cases they were detached and taken into the laboratory, where 
they were left in water tables or aquarium dishes. A loop of strong 
twine was carefully placed low around the base of the siphon while the 
animal was in a relaxed, extended position. The two ends of the looped 
string would then be quickly and firmly pulled and tied, thus closing 
the siphon with a strong ligature around its base (fig. 4a). In all 
several dozen animals were treated in this way. A few animals died 
froma causes other than the ligature and others were lost; but in almost 
every case a new siphon opening was formed. The new openings might 
be formed at any point around the siphon just below the ligature. 

The time required for the formation of new openings through the 
siphon wall was in the neighborhood of twenty-four hours, sometimes 
two or three hours less, sometimes a few hours more. If the ligature 
was not tightly enough drawn and a very small opening was left, a 
longer time was taken in the formation of the new orifice; if the ligature 
was still looser, no new orifice was formed. In those animals in which 
both siphons were completely closed, the animals died, evidently from 
lack of aeration; but if a little passage of water was permitted, two new 
orifices were formed within twenty-four to forty-eight hours. 

In order to determine if artificial openings would be used, cuts were 
made in some animals through the walls of the siphons below the liga- 
ture. At the end of eighteen hours these cuts appeared to be healed, 
and at the end of twenty-four hours other openings formed by the ani- 
mals themselves were present. 

When first formed, the new orifices were merely ragged openings 
through the siphon walls, but within three or four days the siphons 
grew out a little distance beyond the ligature and developed specific 
siphon features, i.e., the typical four lobes of tunic material and four 
double lines of pigment. The tied-off tip of the original siphon distal 
to the ligature was left as a mass attached to the side of the siphon 


(fig. 6). 


To understand the mode of formation of the new orifice it is impor- 
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tant to keep in mind the presence in the mantle of a highly developed 
and powerful musculature, which extends to the tips of the siphons 
(figs. 1 and 8), and also the presence of certain reflexes. When stimu- 
lated slightly by poking or pinching, an individual will respond by con- 
tracting. If the stimulus is strong and persistent the contraction is 
correspondingly great. In the case of experimental animals the liga- 
ture acts as a stimulus to contraction. This stimulus may be supple- 
mented by insufficient food and oxygen resulting from interference with 
the normal circulation of water. As a result probably of both these 
stimuli, but especially that of the ligature, the muscle of the mantle 
contracts strongly, powerfully enough to pull the mantle tissue out of 
the distal part of the siphon (fig. 3), or if the ligature is too tight to 
permit this, to tear the mantle in two where the ligature is located. 
In the latter case one finds distally a ring of mantle left in the tied-off 
part of the siphon, and proximally the mantle is withdrawn a little 
distance below the ligature (figs. 2, 5, 7). There is then present a zone 
just below the ligature where the tunic wall is bare, not reinforced by 
the muscular mantle. Further contractions of the muscular mantle 
produce a considerable pressure of water against the inner surface of 
the tunic below the ligature. In this region there results a softening 
and thinning of the tunic, which becomes pushed out as a nipple-like 
projection (figs. 4a and 7). If one examines such an area in a live 
animal before rupture the tunic is seen to be thin and translucent, 
whereas it is opaque a little distance away, and in favorable specimens 
the edge of the mantle may be seen through the translucent tunic of 
the nipple-like protuberance (fig. 4b). Ultimately a hole is broken 
through. Observation of an animal with ligated siphon during the 
hours preceding rupture, reveals periods of forceful contraction followed 
by periods of relaxation. Very often such an animal will close the 
unligated siphon and contract forcibly upon the contained water so 
that a region of the closed siphon where the mantle is torn becomes 
puffed. Finally the pressure at this point breaks a hole through the 
unsupported tunic. There is no distinguishable participation of cells 
in the degeneration, thinning, and rupture of the tunic. Pressure and 
pressure atrophy appear to be the immediate causes. 

During the period in which the mantle of the siphon serves as a 
nozzle to direct water against a point on the tunic its torn edge is in 
process of healing. Following rupture the thin tunic lining the inside 
of the siphon becomes continuous with the outer tunic (fig. 6), the 
siphon grows longer, and there is ultimately a normal new siphon. 











90 JOURNAL OF THE MITCHELL SOCIETY [July 


Two or three days or sometimes more are required for complete develop- 
ment of the specific lobes and pigmented lines. 


DISCUSSION 


Examples of self-adaptation in organisms without highly developed 
nervous systems are widespread. Every now and then it happens that 
such organisms are confronted with situations that they may never 
have met before and with which they have had neither individual or 
racial experience. Though some perish, others are able to make modi- 
fications of structure or reaction that enable them to survive. The 
observing of apparently purposeful self-adjustment among those ani- 
mals that survive has given rise to a more or less common belief in the 
existence of some elemental protoplasmic intelligence, which in some 
fashion foresees the usefulness of certain structural features and pro- 
duces them. Some biologists and philosophers support this thesis. 
Biological literature contains numerous explanations of phenomena 
apparently based on this belief. Are such teleological explanations 
valid or is an organism’s capacity for self-adaptation to a particular 
situation inherent in and definitely circumscribed by its anatomical 
and physiological organization? 

On superficial observation the formation of new siphon openings in 
Styela plicata appears to be an example of quick and purposeful self- 
adjustment. But, as shown above, upon analysis of the events that 
occur, any apparent mystical entelechy disappears and there is left a 
result that is a mechanical consequence of particular stimuli acting 
upon the peculiar structure and reflex organization of the animal. 

Analysis of the factors involved in the development of the specific 
characters that differentiate around the point of rupture is not so easy 
as is the occurrence of the rupture itself. The fact is that following 
closure of the original siphon aperture and formation of a new one, 
certain features that are normally present around the original siphon 
aperture and which are a part of the heritable structural pattern of the 
animal develop around the newly formed one. What was originally 
tunic of the wall of the siphon takes on the somewhat specialized fea- 
tures of the tip after it secondarily and artificially has become tip. 
Certain relations have changed that may be causal, and the causes 
may be both organismal and mechanical. After the tip of the mantle 
comes into relation secondarily with the tunic of the wall of the siphon 
some organizer in this tip may exert an influence upon the cells of the 
adjacent tunic, resulting in its further somewhat special differentiation. 
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That organizers are present in adult tissues seems apparent from the 
work of Weiss,'! who found that if the tail of a mature Triton is ampu- 
tated and the new tissue formed over the wound is transplanted while 
quite young to the region of the leg, it will develop into a leg; if trans- 
planted later, after the new material has been subjected to the tail 
determining influences for some time, it will develop into a tail. There 
is the probability also that the terminal sphincter muscle of the mantle 
may contribute mechanically through alternate contraction and relaxa- 
tion towards the development of grooves and ridges in the tunic to 
which it is adherent. 


SUMMARY 


Following experimental closure of the inhalent or exhalent siphons 
of Styela plicata new openings are formed below the ligature in about 
twenty-four hours. There is then developed around these new open- 
ings the siphon features characteristic of the species. 

Though the end result is quick and very fortunate for the well-being 
of the animal, no entelechy need be assumed. The formation of the 
new openings may be explained mechanistically. They appear to 
result from the stimulus of the ligature acting upon the reflex organiza- 
tion and the peculiar structure of the animal. 

The newly deveioped specific features of the tunic around the open- 
ing probably result from the influence of organizers in the mantle act- 
ing upon the tunic cells plus the mechanical influence of the constrictor 
muscles of the siphon. 

DEPARTMENT OF ANATOMY, 


UNIVERSITY OF NortH CAROLINA, 
Cuapet Hit, N. C. 


1 Weiss, Paul 1928 Morphodynamische Feldtheorie und Genetik. Zeitschr. 
Indukt. Abstam. u. Vererbungsl. Supplement b., 2: 1567-1574. 
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EXPLANATION OF PLATE 7 


All figures are from specimens of the ascidian Styela plicata. The drawings 
are by the author. The photographs are from the Department of Anatomy of 
Cornell Medical College, New York City. The plate is reduced two-thirds off. 
Magnifications given are after reduction. 

1. Longitudinal section of expanded normal inhalent siphon. The figure shows 
the thick outer cellulose tunic continuous at the margins or lips of the 
siphon with a thin layer of tunic which extends down the inner side of the 
mantle approximately as far as the junction of the siphon with the branchial 
chamber. Photograph X 3}. 

2. Longitudinal section of inhalent siphon of experimental specimen Y 1, draw- 
ings of which are shown in figures 4a and 4b. The approximate plane of the 
section is indicated by the straight line in fig. 4b. x — x indicates the po- 
sition of the ligature, which was removed before sectioning. Observe sec- 
tions of the ring of mantle torn off from the original siphon and remaining 
beyond the constriction of the ligature. Photograph X 3}. 

3. Longitudinal section of inhalent siphon of specimen X 1. As in the specimen 
shown in figure 2, the mantle has been torn in two where constricted by the 
ligature. The proximal part of the mantle is withdrawn some distance 
below the ligature. The specimen was killed during early stages of thin- 
ning of the mantle. Photograph X 3}. 

4 a, b. Drawings from different views of specimen Y 1, a section from which is 
shown in fig. 2. Below the ligature in 4a observe the bulge caused by the 
pressure of water directed against the bare tunic by the nozzle-like mantle 
of the siphon. During narcotization and fixation the tension on the tunic 
was eliminated so that the bulge in fig. 2 is reduced as compared to that in 
the living animal. In 4b the curved line at * indicates the edge of the torn 
mantle seen through the translucent tunic. The straight line shows the 
plane of the section of fig. 2. X }. 

5. Section of specimen Y 2, which was narcotized and fixed shortly after the tunic 
had been ruptured at the point where the new lips of the mantle had di- 
rected the water pressure. The tunic is very thin in this region. The 
original distal portion of the mantle is shown in the mass of tunic beyond 
the constriction caused by the ligature. Photograph X 3}. 

6. Section of the inhalent siphon of specimen Z 1, which was narcotized and fixed 
after the formation of a new opening and differentiation of new siphon lips. 
The tunic of the distal, tied off portion of the original siphon is still present 
as a mass at one side. Photograph X3}. 

7. Hemisection of specimen R1. The mantle of the original siphon was torn at 
the ligature, and the distal portion is shown in the mass of tunic beyond 
the constriction; the proximal portion points towards the bare thinned 
tunic against which water has been directed. Camera outline drawing 
XxX 5. 

8. Specimen with new siphon opening seen from the side after removal of the tunic 
from one side to show the muscular mantle, through which the gonads may 
be seen. Drawing X 1}. 





PLATE 7 




















ANOPHTHALMID BEETLES (FAM. CARABIDAE) FROM 
TENNESSEE CAVES 


By J. Manson VALENTINE 
PLATE 8 


INTRODUCTION 


Of the seventeen caves visited in Tennessee, ten have yielded new 
forms of blind carabids of the genus Pseudanophthalmus. Out of eleven 
species and two subspecies found in this state, all except one species 
(engelhardti Barber) have turned out to be new. The following is a 
list of the caves of Tennessee in which the author has collected; to 
each productive of anophthalmids is appended a notation of the fauna 
insofar as it is known: 


1. Wonder Cave, Monteagle P. intermedius; P. humeralis brevis. 
2. Crystal Cave, Monteagle P. humeralis. 

3. Johnson’s Cave, Monterey P. robustus. 

4, King Solomon’s Cave, Cumberland Gap P. hirsutus. 

5. English Cave, Cumberland Gap P. engelhardti; P. rotundatus. 
6. Lookout Mountain Cave, Chattanooga 

7. Tennessee Cave, Raccoon Mountain P. digitus; P. fulleri. 

8. Nickajack Cave, Shell Mound 

9. Craighead Cave, Sweetwater 

10. Indian Cave, New Market 

11. Grand Caverns, Byington P, tenesensis n. sp. 

12. Wash Lee Cave, Livingston 

13. Bunkum Cave, Byrdstown P. robustus beaklet n. ssp. 

14. Piper Cave, Monoville P. cumberlandus n. sp. 

15. Lindsey Williams’ Cave, Doweltown 

16. Gin Bluff Cave, Liberty 

17. Dunbar Cave, Clarksville P. ciliaris n. sp. 


Many promising caves in the state have yet to be investigated and 
should prove a fruitful field for future research. 

For the most part, the above insects have been described in former 
papers*; four remain to be described herewith. 


* See bibliography. 
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TECHNIQUE 


All measurements were made with the aid of a micrometer eye-piece 
graduated to tenths of millimeters. Curved surfaces were measured 
as the chords of those surfaces between the desired limits. Since traits 
of contour and proportion cannot be expressed by linear measurements, 
an attempt was made to describe such with the aid of indices. Prin- 
cipal ratios were obtained in the following manner: 

1. Head index: the distance across the eyes (width), measured dor- 
sally from their outer margins, divided by the distance from the outer- 
most extremity of the mandibles in parallel position to the anterior 
margin of the pronotum when the head is parallel to the latter and 
normally articulated (length). 

2. Pronotal index: the greatest transverse distance across the pro- 
notum (width) divided by the distance from the anterior to the pos- 
terior pronotal margins measured in the mid-dorsal line (length). 

3. Elytral index: the greatest transverse distance across the elytra 
(width) divided by the distance, measured along the suture, from the 
farthermost elytral apex to a point directly opposite the apices of the 
humeral tubercles (the greatest exposed length); when the insect is 
normally articulated, the latter point coincides exactly with the pos- 
terior margin of the pronotum. 

4. Height-length index: the deepest measurement of the abdomen 
plus the elytron when normally articulated (height) divided by the 
total length; the latter is the sum of the head, pronotal, and elytral 
lengths. 

5. Height-width index: the height divided by the elytral width 
(greatest width). . 

6. Antennal segmental index: the greatest length of the second an- 
tennal segment divided by the greatest length of the third, measured 
dorsally. 

7. Setal index: the length of the humeral set of four marginal, seti- 
gerous papillae divided by the distance between the fourth papilla 
(most posterior of this series) and the fifth (more anterior of the medial, 
marginal set of two). 

8. Genital index: the length of the median lobe of the aedeagus, 
measured as its chord and including the basal plate, divided by the 
total length of the insect. 

The camera lucida drawings were made by the author. 
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Pseudanophthalmus ciliaris n. sp. 


Holotype &, allotype 9: U. S. National Museum. J. M. Valentine, 
J. C. Beakley, collectors, 1935. 
Type locality: Dunbar’s Cave, Clarksville, Tennessee. 


Holotype & (Plate 8, fig. 1): length 11.7 mm.; width 4.0 mm.; height- 
length index .23; height-width index .68; head index .56; pronotal 
index 1.15; elytral index .63; antennal segmental index .82; setal 
index .30; genital index .18. Color: light reddish brown. 

Allotype 9: length 10.9 mm.; width 3.7 mm.; height-length index .23; 
height-width index .68; head index .58; pronotal index 1.15; elytral 
index .63; antennal segmental index .80; setal index .34. Color: 
light reddish brown, elytra yellowish brown. 

General description: Light reddish brown to pale yellowish brown; elon- 
gate, convex; dorsal surface reticulo-alutaceous. Antennae: long. 
Head: narrow, rather elongate. Pronotum: very sparsely and finely 
pubescent; narrow, sides gently sigmoid; posterior angles acuminate; 
lateral tubercles of the posterior margin dentate, produced. Flytra: 
narrow; convex, basal disc depressed, humeri rounded; margins nar- 
row;striae distinct, impunctate, apical striae arcuate;intervals convex, 
each with a narrow band of from one to four rows of fine, rather 
long, straight pubescence. Legs: long. Aedeagus (Plate 8, fig. 1a): 
large; median lobe straight distal to basal bulb which is abruptly 
deflected, uniformly tubular; apex slightly dilated and not produced 
in sagittal view, median lobe slightly constricted over apical third 
in lateral view; lateral pieces attenuate, bearing four, long setae. 


This species was taken on April ninth in considerable numbers on 
the mud banks of the principal cave stream and on rotting boards and 
muddy floors in passageways and stalactitic chambers. The author 
has never seen an anophthalmid more abundant or more ubiquitous. 
A type series of forty were taken but only a fraction of those seen were 
captured. It is surprising to find a population of this size in a cave 
which has been commercialized; perhaps the presence of a sizable cave 
stream and the extensiveness of the cavern will insure the safety of the 
colony as has been the case in the Mammoth Cave complex. 

Ciliaris resembles pubescens (Horn) of Cave City, Kentucky, in form 
and pubescence but is smaller, more elongate, and less hairy. These 
two species are representatives of colonies from two separate drainage 
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systems, the former being located on the Red River, a tributary of the 
Cumberland, while the latter belongs to the Green River system. 
They might have originated from a parent stock dwelling in that region 
of Kentucky which divides these two water-sheds; however, a compara- 
tive study of genitalia reveals that ciliaris and pubescens are now widely 
divergent. 


Pseudanophthalmus cumberlandus n. sp. 


Holotype o&, allotype 2: U. 8. National Museum; J. M. Valentine, 
J. C. Beakley, collectors, 1935. 
Type Locality: Piper Cave, Monoville, Tennessee. 


Holotype & (Plate 8, fig. 2): length 9.5 mm.; width 3.4 mm.; height- 
length index .22; height-width index .62; head index .64; pronotal 
index 1.17; elytral index .65; antennal segmental index .80; setal 
index .76; genital index .14. Color: pale yellowish brown, slightly 
reddish. 

Allotype 9°: length 9.5 mm.; width 3.4 mm.; height-length index .22; 
height-width index .62; head index .62; pronotal index 1.15; elytral 
index .64; antennal segmental index .80; setal index .70. Color: 
pale yellowish brown. 

General description: pale yellowish brown; transverse, rather flat; finely 
reticulo-alutaceous, more distinctly and regularly so on head. An- 
tennae: normal. Head: narrow, not elongate. Pronotum: normal, 
sides gently sigmoid; posterior angles rectangular, rounded; lateral 
tubercles of posterior margin distinct, obtuse; disc bearing several 
rather long setae. Llytra: transverse, rather flat, basal disc not de- 
pressed, humeri angulate; margins rather wide; striae distinct, im- 
punctate, apical striae arcuate; intervals feebly convex, glabrous. 
Legs: normal. Aedeagus (Plate 8, fig. 2a): small; median lobe 
short, arcuate without distinct basal flexure, tapering over the distal 
third to a rounded apex; transfer apparatus long, sigmoid in lateral 
view; lateral pieces armed with four setae. 


Five specimens in all were taken on the muddy floor of a moist, lateral 
passage, April seventh. The cave is a spacious one and is said to ex- 
tend as a simple passage two miles to the Cumberland River. For the 
most part it is dry, there being no cave stream. It is situated at Mono- 
ville, four miles north of Carthage on the north side of the river. 

In form of body and general plan of aedeagus, cumberlandus is remini- 











1937] ANOPHTHALMID BEETLES FROM TENNESSEE CAVES 97 


scent of horni from the rock quarries of Lexington, Kentucky. How- 
ever, the resemblance must be considered one due to parallelism rather 
than relationship until caves of the water-shed shared by the Kentucky, 
Green, and Cumberland Rivers yield 2 common ancestor whose deriva- 
tives may have wandered to the respective points, a hundred and fifty 
miles apart, where the two species now occur. Cumberlandus differs 
noticeably from horni in being considerably larger and more elongate 
and in having a far greater genital index and a much smaller transfer 
apparatus. 


Pseudanophthalmus robustus beaklei n. ssp. 


Holotype &, allotype 9: U. 8. National Museum; J. M. Valentine, 
J. C. Beakley, collectors, 1935. 
Type locality: Bunkum Cave, Byrdstown, Tennessee. 


Holotype @ (Plate 8, fig. 3): length 9.5 mm.; width 3.4 mm.; height- 
length index .22; height-width index .62; head index .60; pronotal 
index 1.20; elytral index .67; antennal segmental index .76; setal 
index .69; genital index .20. Color: light reddish brown, elytra paler. 

Allotype 2: length 10.6 mm.; width 3.7 mm.; height-length index .22; 
height-width index .62; head index .58; pronotal index 1.21; elytral 
index .65; antennal segmental index .76; setal index .65. Color: 
light reddish brown. 

General description: light to pale reddish brown, rather transverse, 
moderately convex; very finely reticulo-alutaceous, more distinctly 
and regularly so on head. Antennae: normal. Head: normal. 
Pronotum: transverse, quadrate; sides gently arcuate with rather 
wide margins; hind angles rectangular, sharp; basal tubercles den- 
tate, produced; disc glabrous. Llytra: transverse, convex, with su- 
tural and basal regions flattened; humeri full, rounded; margins wide, 
distinctly serrate at humeri; striae deep, regularly, deeply but spar- 
ingly punctured, apical striae arcuate; intervals convex, glabrous. 
Legs: normal. Aedeagus (Plate 8, fig. 3a): long; median lobe evenly, 
narrowly cylindrical, slightly arcuate, constricted over distal fourth, 
abruptly bent at basal flexure; apex spatulate-rounded in sagittal 
view, elongate-knobbed in lateral view; lateral pieces relatively short, 
arcuate, bearing four setae, the central pair of which is long. 


Robustus beaklet resembles true robustus in nearly every respect; the 
punctuation of the elytral striae is slightly less distinct and regular and 
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the head is a little broader in the typical form. The main point of dif- 
ference lies in the aedeagus which is straighter and narrower in beaklei 
and possesses much shorter and more curved lateral pieces. 

It is remarkable that two such closely related forms as robustus and 
its vague subspecies should occur so far apart geographically. Fully 
forty miles intervene between the two type localities. Both caves, 
however, drain into the Cumberland River to the east of which Mon- 
terey (type locality of robustus) and Byrdstown are located. 

The author takes pleasure in naming this anophthalmid in honor of 
Mr. John C. Beakley who first discovered the insect in Bunkum Cave 
and who aided iti collecting the paratype series of twenty in the author’s 
collection. They were taken running over the banks of the cave 
stream which nearly filled the narrow passageway throughout the 
quarter mile or more of easily traversed cavern. The cave water flowed 
out through the mouth of the cave, continuing as a surface stream, a 
condition seldom encountered in caves supporting an anophthalmid 
population. The date of collecting was April sixth. 


Pseudanophthalmus tenesensis n. sp. 


Holotype &#: U.S. National Museum; J. M. Valentine, collector, 1934- 
Allotype 2: col. Valentine; J. M. Valentine, collector, 1932. 
Type locality: ‘“Grand Caverns’”’, Byington, Tennessee. 


Holotype @ (Plate 8, fig. 4): length 8.00 mm.; width 2.65 mm. ; height- 
length index .20; height-width index .60; head index .61; pronotal 
index 1.15; elytral index .62; antennal segmental index .81; setal 
index .61; genital index .15. Color: pale yellowish brown, head and 
pronotum slightly darker and redder. 

Allotype 2: length 7.8 mm.; width 2.5 mm.; height-length index .19; 
height-width index .60; head index .64; pronotal index 1.15; elytral 
index .59; antennal segmental index .81; setal index .67. Color: very 
pale yellowish brown, head slightly darker. 

General description: pale yellowish brown; elongate, flattened dorsally; 
very finely reticulo-alutaceous, more regularly and coarsely so on 
head. Antennae: normal. Head: narrow. Pronotum: narrow, 
sides nearly straight over basal two thirds, very gently arcuate; 
lateral margins narrow; posterior angles rectangular, sharp; lateral 
tubercles of the basal margin dentate, not produced. Elytra: 
narrow, dise flat, humeri rounded, not well developed; margins nar- 
row; striae almost obliterated, apical striae sinuate; intervals feebly 
convex, bearing rather long, sparse pubescence. Legs: normal. 
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Aedeagus (Plate 8, fig. 4a): average size; median lobe strongly arcuate 
in lateral view, elevated in center, tapered into a truncate apex over 
distal half; in sagittal view, nearly straight, apex tongue-shaped; 
basal bulb not well differentiated, basal flexure very obtuse; transfer 
apparatus long, internal piece sinuate; lateral pieces armed with 
three, short setae. 


Judging particularly by its genitalic equipment, tenesensis is related 
most closely to three other species occurring to the west and north and 
near the source of the Tennessee river: humeralis from Monteagle, 
Tennessee, lodingi from Huntsville, Alabama, and engelhardti from the 
Powell River at Cumberland Gap. To this group ftenesensis unques- 
tionably belongs and forms another link in the chain of related yet 
isolated species found from extreme northeastern Tennessee to north- 
eastern Alabama. 

A female was taken on March 15th, 1932, and a male on May 24th, 
1934, running over wet, rotting boards. ‘Grand Caverns” is a small, 
rather dry cave without a cave stream. In spite of its habitat being 
commercially exploited, the small colony of this minute species is prob- 
ably holding its own. 


REMARKS 


In drawing conclusions regarding the effect of cave life on anophthal- 
mids and the consequent isolation which is undoubtedly conducive to 
the evolution of species, a striking example of the independability of 
this factor must be borne in mind. At Monteagle, Tennessee, Crystal 
Cave and Wonder Cave, only a thousand feet or so apart, yield two 
distinct forms of a single species, namely: humeralis and humeralis 
brevis. These can be distinguished externally by the more angular and 
produced humeri characteristic of the colony from Crystal Cave (humer- 
alis). This difference, of course, may be interpreted as evidence that 
the two colonies do not and probably cannot interbreed. However, 
lodingi, as it occurs in Shelta Cave, Huntsville, Alabama, has been 
found to be identical in external as well as internal features with a 
colony living at the bottom of Natural Well, 320 feet below the surface 
of Monte Sano and several hundred feet above Shelta Cave, some ten 
miles distant (collected by Drs. Walter Jones and H. P. Loding); 
it is likewise identical with another colony, discovered by the 
same collectors, thirty miles to the northeast at Aladdin Cave. 
Madison Co. 
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Errata in the above paper: 
Page 267: third line from top, for punctatus) read gracilis. 
Page 274: seventeenth line from bottom, for Antennal index 4.5 read 
Antennal index .70. 


EXPLANATION OF PLATE 8 
The measured line indicates actual size of object figured. 


Fig. 1. Pseudanophthalmus ciliaris n. sp., holotype co. Dunbar Cave, Clarks- 
ville, Tennessee. 

Fig. la. Aedeagus of same, sagittal (lower) and lateral (upper) views. 

Fig. 2. Pseudanophthalmus cumberlandus n. sp., paratype co. Piper Cave, 
Monoville, Tennessee. 

Fig. 2a. Aedeagus of same, sagittal (lower) and lateral (upper) views. 

Fig. 3. Pseudanophthalmus robustus beaklei n. ssp., holotype co’. Bunkum Cave, 
Byrdstown, Tennessee. 

Fig. 3a. Aedeagus of same, sagittal (lower) and lateral (upper) views. 

Fig. 4. Pseudanophthalmus tenesensis n. sp., holotype o. ‘‘Grand Caverns”, 
Byrdstown, Tennessee. 

Fig. 4a. Aedeagus of same, sagittal (lower) and lateral (upper) views. 
































PLATE 8 




















A CYTOLOGICAL STUDY OF THE SKIN GLANDS OF 
THE DUSKY SALAMANDER 


By Mary IpoLteneE McManus 
PuiaTes 9-11 
INTRODUCTION 


Skin glands of Amphibians have, since 1840, been favorite objects 
of study. In spite of the great numbers of investigations carried out, 
there is still no general agreement concerning many of the phases of 
the work, such as (1) origin of glands, (2) number and kinds of glands, 
(3) origin and character of secretion, (4) gland musculature, (5) nature 
of the regeneration process. 

The present work was undertaken with the idea of studying anew 
some of these unsettled questions; it deals especially with kinds of 
glands, differentiation and regeneration phenomena. Observations on 
gland musculature are also reported. 

The work was suggested by and done under the direction of Dr. Geo. 
T. Hargitt, to whom the writer is deeply indebted for valuable aid and 
criticisms. 


MATERIALS AND METHODS 


Specimens of dusky salamander, Desmognathus fuscus (Rafinesque) 
were taken from the same general locality in the Duke Forest, in 
January, February, October, November, December 1934, January, 
February and March 1935. Most material was fixed within a few 
hours after collection, though some specimens were kept in the labora- 
tory, under conditions similar to those of the natural environment, 
from one to forty days for study of regeneration of glands. 

Of the common fixing fluids employed, Zenker’s with formalin in- 
stead of acetic acid was by far the most satisfactory for the skin in its 
entirety. For general histological study, Ehrlich’s hematoxylin fol- 
lowed by eosin gave good results. As special differentiating stains 
Hoyer’s thionin and Mallory’s triple connective tissue stain were ex- 
tensively employed with excellent results. Methylene blue and 
Mayer’s mucicarmine and mucihaematin were also used occasionally. 
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TYPES AND DIFFERENTIATION OF SKIN GLANDS OF AMPHIBIA 


Size, character of secretions, and histological structure are criteria 
that have been used to differentiate types of skin glands of Amphibia. 
Size alone was the basis used by earliest investigators. Engelman 
(72) used the terms ‘Schleimdriisen’ and ‘Kérnerdriisen’, and these 
terms have since been generally employed. The majority of investiga- 
tors believe that the skin glands of Amphibia are of two distinct types, 
mucous and granular, but some few investigators have found only 
mucous glands. Others hold that only one type, the granular, is 
present as a mature form. A mixed type is observed by many investi- 
gators, but various interpretations are given to it. Nicoglu (’93) in 
Triton regards the mixed gland as a temporary condition, caused by 
replacement of a granular gland by a mucous one or vice versa; Niren- 
stein (’08) observes temporary mixed glands in Salamandra maculosa, 
arising as mucous glands and replaced by granular ones. Hoyer (’90) 
describes a mixed condition in some poison glands and suggests the 
possibility of transformation of mucous cells into poison cells, but direct 
proof is not given. Esterly (’04) is of the opinion that the mucous 
sac, observed in the poison glands of Plethodon, enlarges and meta- 
morphoses into a poison gland, and mucous cells transform into poison 
cells. However, he was not able to demonstrate such a transformation. 
Nirenstein also by indirect proof concludes that such a transformation 
takes place in cells of Salamandra maculosa. Dawson (’20) thinks the 
mixed condition as observed in Necturus is probably permanent. Theis 
(’32) finds no evidence of transformation of mucous glands into poison 
glands or vice versa. 

In Desmognathus I find that skin glands are functionally mucous and 
granular, as shown by differential stains (figs. 1, 2). Several types of 
mixed glands are present, resulting from transformation of mucous 
cells into granular cells; or from regenerating processes. Evidence pre- 
sented by my preparations makes it possible to demonstrate that 
mucous cells actually transform into granular cells. In glands of 
Desmognathus, stained in thionin, cell after cell is noticed in which 
the basal portion contains a homogeneous purple mucous secretion, 
and the free end of the same cell contains a blue mass of distinct gran- 
ules. Mallory’s stain is even more convincing; gland after gland is 
observed in which some cells show a true mucous reaction; a neighbor- 
ing cell of the same gland contains granules which stain blue, exactly 
as the first cell; other granules in the same cell are greenish, others 
yellow-orange, and red (figs. 6-8, 13, 15-17). Mallory’s stain is known 
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to stain mucus blue, and other investigators using it state that it stains 
granules red, thus the above evidence is proof that transformation of 
a mucous cell into a granular one takes place. Nirenstein holds that 
direct proof would consist in finding, in the same cell, some granules 
giving the mucous reaction and others giving the typical granular 
reaction. This condition occurs abundantly in my preparations. In 
addition to this type, other types of mixed glands are observed, involv- 
ing the old gland and a new anlage which is associated with it. In prac- 
tically all completely matured granular glands there is noticed the 
structure designated as the ‘Heidenhain gland sac.’ This is present 
in all degrees of development from a few indifferent cells in the inter- 
calary region to an almost completed granular gland (figs. 13-17). In 
longitudinal sections of glands this sac, in its early stages, is observed 
as a very inconspicuous, non-differentiated cell mass, near the opening 
of the duct in the intercalary region; as development proceeds, the 
cells increase in size and number, and most commonly begin to grow 
around the old gland wall between the muscle layer and old poison 
cells. At first the structure consists of a solid mass, then with the 
acquisition of a lumen, sections show two layers of cells present, one 
on each side of the developing cavity. Typically the cells of the inner 
layer are smaller than those of the outer layer, and in many cases are 
seen to consist of only a very fine protoplasmic strand with or without 
nuclei. This layer may consist of low epithelial cells in which no 
granules can be observed, or more commonly of cells filled with gran- 
ules like those in cells in the outer layer (figs. 14, 15, 17). As develop- 
ment proceeds some cells are observed in both layers in which the entire 
contents give the mucous reaction, other neighboring cells react like 
poison granules, and still others give reactions intermediate between 
these, a condition that may also be found in the old gland itself (figs. 
13-17). In such anlagen the red granules are usually nearest the free 
end of the cells, followed by yellow-orange ones, with blue ones nearest 
the base (figs. 15-17). Similar results are obtained with thionin, for 
some cells of the bud stain a homogeneous purplish color, while others 
have deep blue granules at the free end of the cells with the homogene- 
ous purple near the base. Other adjoining cells are completely filled 
with blue granules. The number of differentiated cells forming the 
bud varies from five or six to many; and quite often the bud is seen 
to extend as far as the posterior pole of the old gland, and in some cases 
it occupies two thirds or more of the gland globus (figs. 14-16). Oc- 
casionally the bud has developed so far in size and form as to appear 
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like a mature mucous gland, with epithelium low and cubical, and the 
majority of cells containing various colored granules, while a smaller 
granular mass, remains of the mother gland,.is pushed far to one side 
of the large bud, which has almost completely filled the old gland 
cavity. All basal cells of the bud are differentiated, but those nearest 
the upper pole still take the cytoplasmic stains. Cells of the outer 
layer of the bud appear to grow faster than those of the inner layer, 
and always react to differential stains, while many times those of the 
inner layer are still undifferentiated and take only protoplasmic stains 
(fig. 17). Another similar mixed gland is observed in a few glands of 
Desmognathus, except in this case the type of gland involved is the 
mucous one (figs. 11, 12). Ingrowth is the same for this type as that 
described for the granular one; the ingrowing bud is evidently pushing 
away the old mucous epithelium and taking its place (figs. 11, 12). 
As the bud increases in size the mucous part becomes smaller, but re- 
tains its mucous character, as shown by its color reaction to specific 
stains. The first two conditions are typical, occurring in great abun- 
dance, while the last is met with only occasionally. 

General gland structure as observed in Desmognathus does not dif- 
fer essentially from that found in other Amphibia (figs. 1, 2). The 
muscles however, need some comment. Observers generally agree 
that there is present a muscular layer for granular glands, but very few 
report it for mucous glands. Gland muscles in a few cases have been 
reported to extend into the epidermis, and to connect by intercellular 
bridges to epidermal cells. In Desmognathus well developed muscle 
fibers are present on both mucous and granular glands (figs. 1, 2). In 
longitudinal sections of glands, fibers are much more conspicuous and 
numerous in the intercalary region, but they are not restricted to this 
region alone. The muscularis stains a purplish color in Mallory’s 
stain and is easily distinguished from the dense blue connective tissue 
with which it is in close contact (figs. 6, 14, 17). At the anterior pole 
of glands broad bands of muscles insert on Schaltzellen (Nicoglu ’93), 
and pass over the outér surface to surround them before passing into 
the epidermis (figs. 1, 2, 5). Dilator and constrictor muscles can be 
observed around mouths of ducts, just within the epidermis, above the 
outer dense layer of connective tissue of the corium (figs. 3,4). Esterly 
is the only other investigator who has reported such muscles, and so 
far as I can determine these in Desmognathus are the same in structure 
and function as those in Plethodon (Esterly ’04). 

All types of glands develop from the epidermis, and are in the earliest 
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stages non-differentiated. The first signs of differentiation can be ob- 
served before a lumen forms, in that cytoplasm in some cells begins to 
take on characteristic colors of mucus with differential stains. Dif- 
ferentiation proceeds in two directions: the cells either become arranged 
to form a low cubic epithelium, characteristic of typical mucous glands, 
or they become tall and cylindrical to form giant epithelial cells of 
granular glands. Such changes as the following are chafacteristic: 
Glands without a lumen, cells of which give mucous reactions; similar 
glands in which the majority of cells show the typical mucous reaction 
with a few cells entirely granular, while still other cells are mixed. 
Thus a transformation may be followed from mucoid granules through 
a mixed series to final forms. This same process takes place in regener- 
ating gland anlagen (figs. 13-17). Some large Leydig cells of the old 
gland, in which cell walls are still distinct, show mucoid granules and 
mature granules existing side by side (fig. 13). The Heidenhain gland 
sac is present in some glands thus characterized, and shows the same 
conditions as given for giant cells of the old glands (fig. 13). Glands 
can be observed in which all cells contain only mature granules, but 
there is an indication of mucous material intermingled in the cell con- 
tents. Finally, glands show only mature granules in enormous cells 
completely filling the gland cavities. Cell walls eventually rupture, 
and the granular mass is free in the gland globus. 

My preparations thus show no evidence that the types of glands in 
very early stages of development are mucous and granular. Origin 
and development are the same up to a certain point when differentia- 
tion takes place. Gland anlagen are at first indifferent and later be- 
come mucous. These differentiate in two directions to become either 
functional mucous glands, so prevalent in the skin, or large granular 
glands, so characteristic of the skin of most Amphibia. Thus I agree 
with Nirenstein that poison glands may arise from mucous glands. In 
my material, evidence is furnished in a limited number of cases to 
show that a typical mucous epithelium is replaced by a poisonous 
(granular) one in the way described by Nirenstein—granular epithelium 
grows from the intercalary region between mucous cells and gland 
muscles to push mucous epithelium from its original position, and to 
take its place (figs. 11, 12). My observations support the following 
conclusions: Granular glands are formed typically by metamorphosis 
of a young non-functioning mucous gland into a granular one; less 
often by metamorphosis, cell by cell of a typical matured mucous gland; 
quite commonly by regeneration of the old poison gland by a new gland 
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bud growing within the old poison cavity; and occasionally by a new 
gland bud growing into and replacing old mucous epithelium of a former 
gland (figs. 6-8, 11-17). Since mucous glands are differentiated first, 
and since granular glands are formed from mucous glands, there is 
logic in Nirenstein’s belief that mucous glands are phylogenetically the 
older glands. 

Although the most recent investigators of Amphibian skin glands, 
Frederikse (’31) and Theis (’32), find a separate origin and development 
of mucous and poison glands, and hold that there is no genetic relation 
between the two, mucous glands being always only mucous glands and 
poison glands only poison glands, evidence gained by the use of Mal- 
lory’s stain and Hoyer’s thionin furnishes conclusive proof that in 
Desmognathus mucous glands metamorphose into granular glands 
during their histogenesis (figs. 6-8). 


FATE AND REGENERATION 


It is the consensus of opinion that cells of mature poison glands pass 
bodily into the secretion mass. The emptied gland cavity then de- 
generates completely, and a new gland regenerates to take the place of 
the depleted one. Depleted granular glands are replaced by either 
of two definite processes—by entirely new origin (Engelman ’72, Junius 
96, Muhse ’09) or by a regeneration process involving a gland bud 
(Heidenhain gland bud) which grows into and fills the old gland cavity 
(Nicoglu ’93, Heidenhain 93a, Vollmer ’93, Esterly ’04). My observa- 
tions support the latter. 

Nirenstein (’08), as previously stated, observed an epithelial sac in 
the glands of Triton and Salamandra maculosa, which he says is identi- 
cal with the Heidenhain gland sac, but which he interprets as a method 
by which a mucous gland is replaced by a granular one, rather than a 
regeneration process. Heidenhain and Nicoglu report that the gland 
sac has the character of young poison cells (granular), but Nirenstein 
says that without exception the sac is mucous in character. Bristol 
and Bartelmez (’08) and Shipley and Wislocki (15) find that the poison 
gland degenerates, the remains are removed, and one of the five or six 
undeveloped glands found about the mouth of the functional gland 
grows down to occupy the place of the former gland. Frederikse (’31) 
concludes that glands of frog skin can be made to degenerate by elec- 
trical stimulation and by injection of adrenalin. The degenerated 
glands then regenerate themselves by a transformation of the so-called 
covering cells (smooth muscle cells). 
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My preparations show that the fate and regeneration of granular 
glands are primarily the same as described by Nicoglu (’93) for Triton; 
death and degeneration follow the formation and expulsion of the secre- 
tion. The regenerating gland anlage originates similarly, and the 
method of growth is likewise similar. However, in one essential point 
I disagree with Nicoglu, Heidenhain, and Vollmer. They state that 
the gland bud is granular. Esterly maintains that it is always mucous 
in character. I am forced to take a stand that is not in accord with 
either, for in Desmognathus this bud certainly is not granular to begin 
with, nor does it remain mucous for any length of time (figs. 13-17). 
All of Esterly’s figures show it as a pure mucous bud regardless of its 
size, but he suggests that it takes over the function of the replaced 
granular gland. My material shows that a small bud, consisting of 
only three or four cells, may be observed occasionally as entirely 
mucous, but in general the gland bud is either mixed or pure granular. 
The mixed condition is most abundant, in which some cells are mucous, 
other cells are mucous and granular, and others are only granular 
(figs. 13-17). This means that mucous cells are metamorphosing into 
granular cells, and since practically every gland bud shows this condi- 
tion rather than pure mucous or pure granular characteristics, I hold 
that the cells of the bud are first differentiated as mucous cells which 
one by one quickly change to granular cells, just as is the case with 
cells of the mother glands. Since the metamorphosis is not simultane- 
ous for the cells, a temporary mixed bud results, and granular glands 
as well as granular cells go through a mucous or mucoid-like stage 
before reaching maturity. 

Nirenstein (08) opposes the view of Nicoglu, Heidenhain, Vollmer, 
and Esterly in regard to the gland sac. It results from a process of 
replacement of mucous epithelium by granular epithelium, as granular 
epithelium grows in between mucous epithelium and muscles of the 
gland. As fast as the number of granular cells increases with develop- 
ment, the number of mucous cells decreases. My preparations show 
this can not be the case generally, because the fewer the number of 
cells present in the gland bud the more mucous it is, and, as the bud 
increases in size and number of cells, the new granular cells become 
more numerous and the mucous less numerous, while at the same time 
the old granular mass gradually becomes smaller (figs. 13, 15, 16). 
This could not be the case if the mucous epithelium were being replaced 
by granular epithelium in the way described by Nirenstein. Other 
evidence against this view is that new non-differentiated cells of the 
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bud are seen growing down from the intercalary cells which gradually 
metamorphose into mucous cells before becoming granular ones (figs. 
13-16). In view of the evidence listed I repeat that mucous cells 
metamorphose into granular cells, and that degenerating granular glands 
are regenerated by the ingrowth of a new gland anlage into the old 
gland cavity. On the other hand some evidence is presented by my 
material to show that Nirenstein was right in what he saw and in his 
interpretation of such. Glands are occasionally present in Desmog- 
nathus in which the same type of gland bud occurs, and grows down- 
ward in the old gland cavity in the same way, but as it grows it pushes 
away mucous epithelium from the old gland wall instead of granular 
epithelium; there is accordingly formed a mucous bud which gradually 
becomes smaller as the granular mass increases in size just as is de- 
scribed by Nirenstein (figs. 11, 12). In the first case an old granular 
gland is involved, while in the second an old mucous one; both types 
are present in one slide and thus it is obvious that both authors can be 
right in their observations and interpretations. 

Few investigators have seriously attempted to solve the fate of 
mucous glands and since practically no evidence is available to show 
the fate and regeneration of these, it seems worth while to examine the 
possibilities suggested by Arnold (’05). No evidence is gained in my 
study to support the possibility that new epithelium may be developed 
by a downgrowth from the epithelium into the old gland. The pos- 
sibility that the cells may not be destroyed in secretion, but rejuvenate 
themselves from the non-metamorphosed part of the cytoplasm seems 
plausible. Occasionally my preparations show three or four basal 
cells in the mucous glands as low, cubical epithelium in contrast to the 
much larger mucous cells in other regions of the gland. As a rule the 
basal cells have begun discharging their mucus before the other cells 
of the gland, as is shown by the free secretion in the gland lumen. 
Whether the smaller size of these basal cells is due to the fact that they 
are being used up in secretion, or whether it is new epithelium which 
has grown from a small area of non-metamorphosed protoplasm at the 
base of the cells, I can not definitely say. The other possibility sug- 
gested by Arnold, that some cells may be destroyed in secretion and 
their loss offset by the differentiation of cells from the intercalary region, 
is a reality in Desmognathus (figs. 9, 10). A definite method of regen- 
eration involving new cells growing from the intercalary region is 
certain. The cells budded from those of this region are observed to 
grow downward around the old gland cavity in a layer from the place 
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of origin. Varying degrees or development of this layer are observed, 
but no cases are noted in which this new growth has reached further 
than about half the distance of the gland body. Where this method 
of renewal is observed, the old mucous cells in the region of the new 
cells are completely degenerated; no cell walls or nuclei are apparent, 
and only a mass of secretion is in the place where former mucous cells 
once existed (figs. 9-10). Quite often these new cells show slight dif-_ 
ferentiation at their free ends into new mucous epithelium, and often 
the cell is entirely filled with secretion, but the epithelium is low and 
smaller in size than the old cells of the glands (fig. 10). It is known 
to be new epithelium and secretion because of the small size and of the 
purplish tinge intermingled with the blue of the typical mucous reac- 
tion to Mallory’s stain. 

Arnold suggests that the time of year may have some influence on 
the regenerative processes in the gland. In my materials no prepara- 
tions made in the months of September, October and November show 
any indication of the regenerative process just described for the mucous 
glands, but in preparations made from December to March this method 
of regeneration is observable, both in specimens just captured and in 
specimens kept in the laboratory from one to six weeks. Practically 
every matured mucous gland in these preparations shows regeneration 
in some degree; those specimens kept in the laboratory show the re- 
generating process to a greater degree, and the ones killed after a week’s 
stay show the process less advanced than those of two weeks’ or longer. 
I think perhaps this is due to the fact that when these specimens were 
captured they were stimulated to such an extent that more mucus was 
given off than is done in the general routine of the animal’s life, thus 
necessitating destruction of cells in the sudden response to meet new 
demands. As a result, more abundant and sudden regeneration is re- 
quired, and the longer the length of time allowed (as cited) after such 
an experience, the greater the degree of regeneration. However this 
may be, regeneration is unmistakably taking place in mucous glands. 


SUMMARY 


Mature functional glands of Desmognathus are of the mucous and 
granular types. Mixed glands are abundant. All types possess a 
muscularis around the gland globus, and special triangular shaped 
dilator and constrictor muscles are found around the mouths of gland 
ducts, just above the corium. 

Glands are of only one kind in early development. No differentia- 
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tion is evident in the earliest stages, since contents of glands at this 
time give neither the mucous nor granular reactions characteristic of 
mature glands. Differentiation of primal glands into typical mature 
mucous glands and typical granular glands takes place. Granular 
cells and glands pass through a mucoid stage during histogenesis; some 
contain both mucous secretion and granular secretion at the same time, 
and intermediate stages can be traced from mucous cells to granular 
ones. 

Granular glands are destroyed in the elaboration and expulsion of 
secretion, and are regenerated by cells growing from the intercalary 
region. A new gland bud is thus formed which eventually fills the 
cavity of the old gland. Cells of the regenerating bud are first mucous 
and later granular; one cell after another gradually changes from the 
mucous type to the granular type; thus both young and parent gland 
pass through a mucous stage in development. 

Mature granular glands commonly arise from indifferent glands 
growing from the epidermis; these pass through a mucous-like stage 
before reaching their final form. Less commonly they form from 
matured functioning glands by transformation of mucous epithelium 
into a granular one, or by a regeneration of an old granular gland by 
means of an indifferent gland bud transforming into a granular one. 
Occasionally they arise by replacing an old worn-out mucous gland as 
a new bud grows into its cavity, or by a regeneration of the old granular 
gland by a similar gland bud. 

Mucous glands function more or less continuously for a varied period 
of time. In case mucous epithelium deterioriates or is destroyed it 
may be regenerated by new indifferent cells growing from the inter- 
calary region into the old gland cavity. 
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EXPLANATION OF PLATES 9-11 
Abbreviations 


C.M., Constrictor muscle 

C.T.N., Connective tissue nucleus 
C.T.S., Connective tissue sheath 
D., Duct 

D.M., Dilator muscle 

F.C., Funnel cell 

G.C., Granular cell 

G.L., Gland lumen 

G.G.A., Granular gland anlage 
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G.S., Granular secretion 

H.L., Horny layer 

I.C., Intercalary cells 

I.L.C., Inner layer of cells 
M.C., Mucous cell 

M.F., Muscle fiber 

M.S., Mucous secretion 

MX.C., Mixed cell 

N.D.C., Non-differentiated cells 
N.M.C., Nucleus of muscle cell 
N.M.E., New mucous epithelium 
O.L.C., Outer layer of cells 
R.C., Replacement cells 

R.G.A., Regenerating gland anlage 
8.C., Schaltzellen 

T.E., Transforming epithelium 


on 


~~ 


All figures were drawn with the Abbe camera lucida. 


PLATE 9 


. Median longitudinal section through a typical mature mucous gland showing 


duct, Schaltzellen, non-differentiated epithelial cells, mature mucous cells, 
discharging mucous cells, connective tissue sheath, muscles, epidermal 
replacement cells, intercellular bridges, horny layer. Ehrlich’s haema- 
toxylin and eosin. (xX 660). 


. Median longitudinal section through a typical granular gland; basal cell walls 


faintly visible, walls of upper cells completely disintegrated; secretion is 
being expelled. Horny layer is not shown. Ehrlich’s haematoxylin and 
eosin. (X 660). 


. Slightly tangential section, cut just below epidermis, to show arrangement of 


Schaltzellen, and muscle fibers. Mallory’s connective tissue stain. (X 660). 


. Section cut parallel to outer surface of epidermis, just above the corium, to 


show the funnel cell, replacement cells, dilator and constrictor muscles 
and nuclei. Mallory’s connective tissue stain (X 1333). 


. Longitudinal section through the epidermis, cut just to one side of the duct, to 


show epidermal muscle cells (large central pyramidal basal cell, just above 
corium), funnel cell and horny layer lifted from the duct. Mallory’s con- 
nective tissue stain (X 1333). 


PLATE 10 


. Cross section through a mucous gland to show muscle fibers, mucous cells, 


transformation of mucous cells into granular cells; discharging mucous 
cells. Mallory’s connective tissue stain (X 660). 


. Similar gland to preceding one to show a more advanced stage of transforma- 


tion of mucous cells into granular cells. Mallory’s connective tissue stain 
(X 660). 


. Functional mucous gland transforming into a granular gland; longitudinal 
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section. Cells of upper section of gland completely changed to a granular 
secretion; several cells on the right in the process of transformation—mu- 
cous cells. Mallory’s connective tissue stain (X 660). 

9. Longitudinal section through a regenerating mucous gland to show complete 
disintegration of old mucous cells in the upper part of the gland, with new 
non-differentiated cells in this region. Lateral cell walls present in other 
gland cells; gland cavity completely filled with secretion. Mallory’s con- 
nective tissue stain (X 660). 

10. A more advanced stage of a regenerating mucous gland; no indication of old 
mucous epithelium, entire gland cavity filled with mucous secretion. 
Upper section of gland shows new mucous epithelium and secretion differ- 
entiated. Mallory’s connective tissue stain (X< 660). 

11. Median longitudinal section through a gland to show ingrowth of granular 
epithelium to replace mucous epithelium—Mucous epithelium is being 
pushed from the gland wall. Mallory’s connective tissue stain (X 660). 

12. The same gland cut two sections beyond the last. Mallory’s connective 
tissue stain (X 660). 


PLATE 11 


13. Section through a regenerating granular gland, cut just to one side and partly 
through the duct. Shows gland anlage in early stage of development, with- 
outalumen. No differentiated cells in the upper part of anlage; transform- 
ing mucous cells, granular cells, and some mixed cells. Mallory’s connec- 
tive tissue stain (X 660). 

14. Longitudinal section through a regenerating granular gland; anlage differen- 
tiated into an outer and an inner layer of cells—becoming granular—cell 
walls are gone in the old gland; larger granules near the upper pole of old 
gland, smaller ones at the base; muscle and muscle nuclei at gland peri- 
phery. Ehrlich’s haematoxylin and eosin (X 660). 

15. More advanced stage of a regenerating granular gland; outer and inner layer 
of cells in gland anlage, some cells are mucous, some are mixed, lumen in 
gland anlage. Cell walls of old gland have disintegrated, but an indication 
of their former presence is seen. Mallory’s connective tissue stain. 
(X 660). 

16. A more advanced stage in a regenerating granular gland. Gland anlage has 
differentiated into an almost fully developed gland with a large lumen; cells 
of the two layers of the anlage are of practically the same size; some are 
mucous, mixed, granular. No indication of cell walls in old gland—a syn- 
cytial condition of the old gland epithelium. Mallory’s connective tissue 
stain (X 660). 

17. Cross section of a regenerating granular gland to show muscles of gland; gland 
anlage with narrow, non-differentiated inner layer of cells, lumen, tall 
cylindrical differentiated outer cells; granules of old gland are widely scat- 
tered in the gland cavity. Mallory’s connective tissue stain (X 660). 
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TECHNIQUE IN THE PREPARATION OF CHICK 
EMBRYOS FOR CLASS USE 


By C. D. BrEERs 


Special comment on the preparation of chick embryos for class use 
may seem on first thought superfluous, in view of the numerous meth- 
ods already at the disposal of teacher and technician (e.g., the use of 
filter-paper rings, fixation on cover slips and various methods of pin- 
ning out on wax). But in my experience each of the methods described 
in the standard technique books offers in practice unforeseen difficul- 
ties which must be circumvented in each case by the ingenuity of the 
preparator. Of the various procedures that have been tried in recent 
years in this laboratory, the following seems to offer the minimum in 
technical difficulty and in loss of specimens through manipulative in- 
jury. While I recognize that there is little in the procedure that is 
fundamentally new, I have seen no mention of certain of the more 
useful details that follow, and a published record of the procedure in 
its entirety seems desirable as an aid to others. 

Primitive-streak stage, incubation age 17 hours. This stage is un- 
doubtedly the most difficult to prepare, not only because of its small 
size and extreme delicacy but because of the tendency of the vitelline 
membrane and the yolk to adhere tightly to the blastoderm. Em- 
bryos of this age may be fixed satisfactorily as follows: The egg is opened 
in the usual way, i.e., by picking away one side of the shell with forceps 
or by cutting around the shell in a plane parallel to its long axis, and 
the yolk mass is immersed in a dish of warm salt solution (0.99% NaCl, 
temp. 38°C.). The innermost layer of albumen usually adheres to 
the yolk at this stage; it must be picked away with forceps. With sharp 
scissors cut about three-quarters of the way around the blastoderm 
just at the periphery of the developing area opaca vasculosa—not 
beyond, for beyond the periphery the vitelline membrane adheres 
almost inseparably to the developing blastoderm. 

Some of the yolk invariably pushes through the 270°-cut just made 
and lifts up the free edge of the blastoderm. This almost always causes 
the vitelline membrane to curl slightly toward the attached edge of 
the blastoderm and to free itself from the latter to some extent. When 
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the vitelline membrane is visibly free from the blastoderm, complete 
the cut around the edge of the embryo and, using a teaspoon, transfer 
it to a dish of fresh salt solution. 

As a rule a layer of yolk 2 to 4 mm. in thickness adheres closely to 
the under surface of the blastoderm. To remove it, turn the blasto- 
derm so that its yolk surface is uppermost, and with a pipette gently 
wash away the yolk. This operation is time-consuming and requires 
the utmost in patience and attention. While the so-called nucleus of 
Pander beneath the area pellucida is easily removed, the remaining 
yolk adheres tenaciously to the area opaca. Therefore, the stream of 
salt solution must be directed always toward the periphery, for if it 
strikes the center forcibly, the blastoderm will surely tear. When 
nearly all of the yolk has been washed away, turn the blastoderm with 
its ectodermal surface uppermost, take hold of its edge with fine forceps 
and draw it onto a clean slide under salt solution. Using the slide as 
a lifter, remove the embryo from the solution. The embryo, now with 
its endodermal surface next to the slide, flattens out slightly, but not 
excessively, as it is removed. With a pipette take up the excess of 
salt solution from the slide, but do not attempt to wipe the slide dry 
with filter paper. Bring the end of a pipette filled with Bouin’s picro- 
acetic-formol very near the center of the blastoderm and carefully flood 
the center with fixative in such a way that the fixative spreads from 
the center to the periphery. Under these conditions the blastoderm, 
particularly in its peripheral region where there is still some yolk, 
adheres closely to the slide. After a minute transfer the entire slide 
to a dish of Bouin’s fluid and fix for 2 hours (longer does no harm). 

If the excess of salt solution is removed with filter paper up to the 
edge of the blastoderm, the fixative, in flowing from the center to the 
periphery, also flows under the edge of the blastoderm and thus floats 
it off the slide. 

After fixation, transfer the slide with attached embryo to 50% 
alcohol for 2 hours (Coplin jar), then to 80°% alcohol (changed daily) 
for several days to wash out the picric acid, and finally to 95% alcohol 
for 2 days to complete the hardening and to keep the embryo from curl- 
ing when it is later taken off the slide. 

To remove from the slide, transfer to 80°, alcohol for one hour, then 
to 50°) for an hour, and with a safety-razor blade cut the embryo away 
from the slide under 50°% alcohol. In this operation the edge of the 
blade must be kept pressed closely to the slide to avoid injury to the 
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endoderm. Transfer the detached embryo to 80% alcohol for an 
hour and preserve in 90% alcohol. The removal of the embryo in 50% 
alcohol rather than in 95% reduces the possibility of injury, since 
embryos stick less tightly to the slide and are less brittle in 50% alcohol. 

More than five dozen embryos have been prepared by the foregoing 
method and sectioned in the last three years in this laboratory with 
no appreciable injury to the endoderm. 

Incubation ages 21 hours to 4 days. Embryos of these ages are pinned 
out with No. 0 or No. 1 stainless steel insect pins on black, weighted 
paraffin blocks which are prepared as follows: Have ready some pieces 
of sheet lead about 3 cm. square and 2 mm. thick. Stir about 5 ce. 
of lamp-black into about 200 cc. of melted paraffin wax (m.p., 56°C.). 
Smear the inside of a clean Syracuse watch glass with a film of pure 
glycerine. Fill the watch glass to a depth of about 3 mm. with the 
paraffin mixture, put the piece of lead into the watch glass, fill com- 
pletely with paraffin and, as soon as the surface hardens slightly, cool 
in running water as in watch-glass imbedding. Upon cooling, the block 
contracts away from the watch glass and is easily removed. Such 
blocks present a slightly concave upper surface and are heavy enough 
to sink in water. 

Open the egg in the usual way and transfer the yolk mass to a dish 
of salt solution. Cut around the blastoderm 2 to 5 mm. beyond the 
area vasculosa, depending on the age of the embryo, and free the blasto- 
derm from the yolk. The vitelline membrane and the yolk are readily 
detached from the embryo after the 20th hour. Fill a second dish 
with warm salt solution and immerse a paraffin block in it. With a 
spoon transfer the embryo to the second dish and pin it out under salt 
solution on the block. In pinning, allow for some shrinkage during 
fixation and washing in alcohol. A Camel’s hair brush is useful in un- 
rolling the edges of the blastoderm during pinning. Carefully remove 
the block from the salt solution, take up the excess with a pipette, 
and flood the embryo with Bouin’s fluid. Then immerse the block 
completely in the fixative for 4 hours or longer. 

After fixation transfer the block to 50% alcohol for 2 hours and then 
to 80%, changed daily, for several days. Finally, harden in 95% for 
2 days, remove the embryo from the block and preserve it in 90% 
alcohol. Unless the embryo is hardened in 95% alcohol before re- 
moval from the block, it will curl later upon preservation in 90% 
alcohol. 
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Primitive streaks may also be fixed by this method, but their small 
size increases the technical difficulties, in that even the fine points of 
No. 0 insect pins may injure the embryos by distorting the cell layers. 

After a thorough washing in running water, the blocks and pins are 
ready for use again. The very fine points of stainless steel insect pins 
and their capacity to resist chemical action make them ideal for pin- 
ning out chick embryos, though some types of pins have brass heads 
which should be paraffined before use. 

A convenient lifter for transferring the blocks from one solution to 
another may be made from a teaspoon. Flatten the bowl of the spoon 
by hammering and’bend it so that it forms an angle of about 120° with 
the handle. Coat the spoon with paraffin to protect it from the fixing 
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OBSERVATIONS ON THE DEVELOPMENT AND CYTOLOGY 
OF THE SEXUAL ORGANS OF THRAUSTOTHECA 
CLAVATA (DE BARY) HUMPH. 


By LELAND SHANOR 
PuiatTes 12 anv 13 
INTRODUCTION 


Thraustotheca clavata (de Bary) Humphrey, though widely distrib- 
uted, is one of the rarer members of the Saprolegniaceae. It was first 
discovered by de Bary in a collection of algal material from Venden- 
heim, near Strassburg, Germany, in December, 1880, and named by 
him Dictyuchus clavatus. Biisgen (4) in 1882, incidentally published 
the first description of this fungus as Dictyuchus clavatus de Bary sp. 
nov. when he was making a study of sporangium formation in various 
species of the Phycomycetes. De Bary (2) refers to it again as Dict- 
ychus clavatus in his text book where he mentions this fungus as an 
example of endogenous spore formation. In a paper by de Bary (3) 
which was published in 1888, after his death, and edited by Solms- 
Laubach, the latter suggested the possibility of this fungus not belong- 
ing in the genus Dictyuchus. Fischer (19) in 1892, in his work on the 
Saprolegniaceae, also felt that the strikingly different characteristics 
of this fungus should place it in a genus separate from Dictyuchus, but 
he did not remove it from this genus. In 1892, Humphrey (27) thought 
it sufficiently different from other members of the genus Dictyuchus 
to be separated, so he placed it in his new monotypic genus, Thrausto- 
theca, even though he had never had the fungus to study. Von Minden 
(30) reports it again from Germany in 1912. 

In America, collections of Thraustotheca clavata have been recorded 
several times, most often by Dr. Coker and his students. It was first 
reported in this country by Coker and Hyman (10) from Chapel Hill, 
North Carolina, in 1912. Weston (42) found it near Great Barring- 
ton, Massachusetts, in 1913, and reported it in his paper which ap- 
peared in 1918. Harvey (24, 25) reports collections from the soil in 
Chapel Hill in 1925, and from soil collections from Wisconsin, New York, 
and Kentucky in 1930. Coker and Braxton (9) report finding it in 
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Chapel Hill, March 1926, and in Haywood County, North Carolina, 
in July and August of the same year. Couch (14) reports collections 
of Thraustotheca clavata from Cold Springs Harbor, L. I., New York, 
and from Abbey Green, Jamaica, B. W. I., in 1926. 

The material from which this study was made was obtained by the 
author in a water collection from a spring in the College Woods at 
Maryville, Tennessee, November 27, 1935. Shortly after this collec- 
tion was made, Thraustotheca clavata was isolated from other material 
in this collection and identified in the Botanical Laboratory of the 
University of North Carolina. 

The question of fertilization in the Saprolegniaceae had been much 
disputed for a long time. Among the early investigators, Pringsheim 
(33, 34) argued for the necessity of fertilization in this group and felt 
that it took place at least in some species, even though he did not actu- 
ally observe it to occur. Cornu (13) believed that fertilizaton occurred 
in Achlya polyandra Hildb. and in Achlya racemosa Hildb. and thought 
than fertilization in other species was extremely probable. De Bary 
(2) at first thought that it might occur, but later concluded that the 
antheridia, although present in some members of the family, were now 
functionless. Humphrey (27) and Hartog (21, 22, 23), both working 
with stained material, believed as de Bary did about the matter, but 
described a pairing and fusing of the nuclei in the oogonia of some 
species. Davis (17, 18) likewise believed that fertilization was not 
found in this family. 

Trow (37, 38, 40, 41) was the first of the early cytological investiga- 
tors of this group to believe and to demonstrate that fertilization took 
place in the Saprolegniaceae. He described nuclear division in the 
antheridia and oogonia and claimed that the supernumerary nuclei 
degenerate rather than fuse in pairs as had been described by Hartog 
and Humphrey. His observations of degenerating nuclei in the oogonia 
here were strongly questioned. In order that he might be more certain 
that he had observed degenerating nuclei, he made a study (39) of 
Pythium ultimum, a member of a family where the degeneration of 
nuclei was known to occur. He then made further studies on two spe- 
cies of Achlya, and as a result of these observations, showed clearly that 
nuclei degenerate in the oogonia. He asserted then that he was more 
certain than ever that fertilization occurred, not only in Saprolegnia 
dioica de Bary, Saprolegnia mixta de Bary, and Achlya americana 
Humph., as he had believed before, but also in Achlya polyandra Hildb. 
and Achlya de Baryana Humph. He held to this view in spite of the 
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severe criticism and opposition of several of the investigators of that 
time, especially of Hartog. Trow (40) also claimed that there was 
evidence of a second mitosis in the oogonium, which he thought was 
probably reductive. This second mitosis has not been observed since 
and later investigators believe that the reduction takes place in the 
germination of the egg. 

Since this early controversy, however, fertilization has been definitely 
demonstrated in several species in this family. It has been shown to 
occur in Saprolegnia monoica (Prings.) de Bary, by Claussen (6); in 
Aphanomyces laevis de Bary, by Kasanowsky (28); in Achlya polyandra 
de Bary, by Miicke (31); in Achlya racemosa Hildb., by Carlson (5); in 
Achlya colorata Prings., by Patterson (32); in Achlya hypogyna Coker 
and in Brevilegnia diclina Harvey, by Cooper (11, 12); in Leptolegnia 
caudata de Bary, by Couch (15); and in Saprolegnia mixta de Bary, 
by Mickel (29). The evidence also indicates that fertilization takes 
place in oogonia of Saprolegnia ferax (Gruith.) Thuret that are contacted 
by antheridia (Héhnk, 26), and although not actually observed, Raper 
(35) presents considerable evidence of its occurrence in Achlya bisexualis 
Coker. 

In Thraustotheca clavata it has been thought that fertilization takes 
place, but the cytology of this form has not been worked out. Coker 
(7) in his monograph of the Saprolegniaceae, in summarizing the work 
done on this plant, says that fertilization has never been observed, but 
that the antheridia become empty during the ripening of the eggs. 
Weston (42) says regarding his observations: “It is worthy of note that 
the fertilizing tubes were never seen to penetrate the oospheres, nor 
was any sudden passage of material down the tubes observed.”’ He also 
states that, without exception, the oogonial contents never separate 
into oospheres until the attachment of the antheridia to the oogonium 
had taken place. 

The purpose of this study is: (1) to follow the development of the 
sexual organs in living material, and (2) to make a cytological study 
of the development of the antheridia and oogonia in fixed material. 


MATERIALS AND METHODS 


Pure cultures were obtained from the original collection by planting 
a single sporangium that had been thoroughly washed in sterilized dis- 
tilled water on a plate of maltose-peptone agar. The cultures were 
then transferred from the agar to hemp seed in water. This was done 
by cutting out small pieces of the agar bearing the fungus and placing 
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on each of them in a Petri dish a half of a sterilized hemp seed. Hemp 
seed in water proved the most satisfactory media for carrying on stock 
cultures of Thraustotheca. The water used in these cultures was dis- 
tilled water to which had been added a small quantity of animal char- 
coal. It was then filtered and sterilized in the autoclave at twenty 
pounds pressure before being used. The stock cultures were kept 
growing in Petri dishes in water on hemp seed from November 1935, 
until January 1937, when this study was begun. Fresh hemp seed 
were added whenever necessary. 

When the present study was begun, it was necessary to have cultures 
as free from bacteria as possible. The method described by Raper (35) 
was found to give excellent results, if the blocks of agar were taken out 
shortly after the hyphae had appeared outside the glass ring. If the 
transfer was delayed until much later, the cultures on agar were gener- 
ally found to be contaminated with bacteria. 

On hemp seed, young cultures of Thraustotheca clavata produced a 
very vigorous growth with numerous sporangia. Later oogonia and 
antheridia were produced, but these were quite frequently so hidden 
by the hyphae and sporangia that their development was difficult to 
observe. To get cultures that produced numerous oogonia and an- 
theridia without such a vigorous growth of hyphae and sporangia, flies 
and termites that had been preserved in eighty percent alcohol were 
used. Of these two, the termites were found to be the more satisfac- 
tory because they produced a less vigorous growth and at the same 
time, numerous oogonia and antheridia. 

For cytological studies, cultures growing on termites were killed 
and fixed when they had reached the desired stage in development, as 
was determined by a microscopic examination. Each culture, together 
with the termite, was lifted carefully and dropped into the fixing solu- 
tion. As killing and fixing agents hot corrosive sublimate, formalin- 
acetic-alcohol, a chromo-acetic acid solution, Fleming’s weak solution, 
Raper’s (35) chromic acid-formalin solution, Merkel’s fluid, Carnoy’s 
fluid, and the Chicago formula as described by Chamberlain, were 
tried. Fixation was usually for from twenty-four to thirty-six hours. 
Raper’s chromic acid-formalin solution was found to give better results 
than the others when followed by the Gram’s stain as described by 
Couch (15), and was used almost entirely throughout this study. 

After fixation, material was washed for twenty-four hours in running 
tap water, dehydrated in the usual manner, and imbedded in 53-56 
degree paraffin. Sections were cut 5,6, and 7} » thick with a Spencer 
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rotary microtome. Sections were then stained on the slide with either 
Heidenhain’s iron-alum haematoxylin or Gram’s stain. Gram/’s counter- 
stained with orange G was also tried, but was not so satisfactory as 
the Gram’s without the counter stain. The hematoxylin was not satis- 
factory because small granules in the cytoplasm held the stain so 
greedily that they rendered the details of nuclear structures indistinct. 
Material fixed in solutions containing osmic acid was also unsatisfac- 
tory because certain granules again would interfere in the same way. 
Trow (40) had the same difficulty with these granules, when using a 
haematoxylin stain, when working on Achlya de Baryana and referred 
to them as microsomata. 

In the latter part of this study when particular attention was at- 
tracted to the astral rays, the time schedule from the iodine to mounting 
in balsam as given by Couch (15) was found to be too long because the 
alcohols and clove oil would remove too much of the gentian violet 
from the cytoplasm. Therefore, after the iodine treatment and the 
wash which follows it, as much of the water as could be removed 
with filter paper was drawn off and the slides then passed as quickly 
as possible through two changes of absolute alcohol, clove oil, cedar 
oil, and then into xylol. The clove oil and cedar oil were sometimes 
omitted, this treatment as a rule giving results equally as good as the 
other. 

The gentian violet used in the Gram’s technique was Gentian Violet 
(Crystal Violet) manufactured by The National Analine and Chemical 
Co., Inc., New York. 


DEVELOPMENT OF THE SEXUAL ORGANS IN LIVING MATERIAL 


The development of the sexual organs of Thraustotheca clavata in 
living material has been described and figured in considerable detail by 
Coker and Hyman (10) and by Weston (42). My observations agree 
essentially with those of these observers and no additional figures seem 
necessary. 

Young oogonial branches were found numerous in cultures grown on 
termites that were three or four days old. Antheridial branches were 
also numerous and these twined about among the hyphae and were often 
noticed to branch. 

On my termite cultures, a number of oogonia were found that had 
formed oospheres without the attachment of antheridia. Both lateral 
and intercalary oogonia whose eggs were developing parthenogenetically 
were observed quite commonly toward the periphery of these cultures, 
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but no mature eggs were ever found that had developed in this manner. 
Weston (42) was of the opinion that oospheres were never formed until 
after the attachment of antheridia had taken place. In oogonia in his 
cultures that were not contacted by antheridia, oospheres were not 
formed even when he followed the method successfully used by Trow 
(38). Coker and Hyman (10) say nothing of this peculiarity, but their 
figure 8 shows an oogonium in which the oospheres have formed without 
the attachment of antheridia to the oogonium. 

The development of the sexual organs was followed through at 
several different times. Cultures grown on termites were used for most 
of these observations because of the greater ease with which the develop- 
ing oogonia could be followed without the interference of a dense growth 
of hyphae. The period of development from the formation of the 
oogonial initials until the eggs were mature took about four days. 

Young stages in the oogonial development are found most numerous 
from early morning until about noon. Very early the lateral branches 
which will bear oogonia can be distinguished because they are becom- 
ing more densely filled with protoplasm. Soon the tip begins to swell 
and to become rounded to form the young oogonium. The protoplasm 
in the oogonium at this stage is densely packed and appears to be more 
or less homogenous; the small oil globules are hardly distinguishable. 

Soon a central vacuole makes its appearance and a cross wall is laid 
down which separates the oogonium from its stalk. Usually by this 
time one or more antheridia have become attached to it. The oil 
globules in the oogonium can be faintly seen by the time the vacuole 
is fully formed. The vacuole soon begins to send out projections which 
pierce the protoplasm, separating it into several cone-shaped masses, 
the number depending upon how many eggs are to be formed. When 
this cleavage has been completed, these cone-shaped masses of proto- 
plasm round up to form the oospheres. These young oospheres contain 
many small oil globules which are now readily observed. Coker and 
Hyman (10) found these globules arranged more to one side of the 
oosphere at this stage in development, but in my observations they 
seemed to be scattered indiscriminately all through the oosphere. 

Each oosphere now has a thin membrane formed around it, and it 
is at this time that fertilization takes place. Fertilization is described 
under the discussion of the antheridium. After fertilization has taken 
place, the oil globules now begin to fuse to form a single eccentric, large 
globule. The wall of the egg becomes much thicker by a deposit of 
cellulose. In this condition the eggs are mature. 
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Because of their twining and branching habit, many antheridial 
branches are able to reach oogonia. Soon after the attachment of 
a branch to an oogonium takes place, protoplasm containing many oil 
globules flows into the tip of the branch. After a short time many of 
these oil globules seem to flow back into the basal part of the branch 
or into the hyphae from which it arose, leaving only a few in the tip 
of the branch. A cross wall soon forms across the tip of a branch 
that has become attached, thus forming an antheridium. The oil 
globules in the antheridium tend to fuse to a certain extent and sev- 
eral denser greyish appearing places are evident at this time. These 
are thought to be nuclei because of their size and greyish appearance. 
No further change was observed in an antheridium from this time 
until after the oospheres had rounded up in an oogonium. 

After the oospheres have been formed in an oogonium, short fertiliza- 
tion tubes are sent into the oogonium by the antheridia. These often 
grow past the edge of the egg and are then lost from observation. 
Protoplasm from the antheridium flows into these tubes. Fertiliza- 
tion takes place very soon after the eggs have assumed their definite 
form. The actual passage of material from the tubes into an oosphere 
was not observed. One oosphere was observed about the time fertiliza- 
tion would take place in which what appeared to be the path of a male 
nucleus from the end of a tube to near the center of an oosphere was 
seen. A search for other such stages proved unsuccessful. 

A slow disintegration of the protoplasm which remains in an antheri- 
dium or the fertilization tubes seems to take place, for particles of pro- 
toplasmic matter and oil globules could be observed for some time. 
There did not appear to be any emptying of the protoplasm from the 
antheridium into the oospheres during fertilization. This disintegra- 
tion process progresses until by the time the eggs are ripe, the antheridia 
appear to be entirely empty. 


OBSERVATIONS ON FIXED MATERIAL 


Resting vegetative nuclei in the hyphae are found to vary consider- 
ably in shape. This same observation has been reported by Smith (36) 
in Saprolegnia dioica and described there in detail in relation to direct 
division of nuclei in vegetative hyphae. 

Spindle-shaped nuclei are found in the flowing protoplasm in the 
hyphae. In positions where the streaming would not take place so 
rapidly, the nuclei become more spherical in shape. Spherical nuclei 
are found in young sporangia and in early stages in the development 
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of the sexual organs. As the nuclei are carried into the young oogonia 
by the streaming of the protoplasm, they show the characteristic 
spindle-shaped appearance, but upon entering the young oogonium 
proper they become spherical in shape (fig. 1). Smith (36) ascribes 
the spindle shape of nuclei in flowing protoplasm here to a tension or 
strain within the semi-liquid cytoplasm. It seems likely that this 
interpretation is correct. In Thraustotheca clavata nuclei assuming this 
elongated form are not found except in parts of the hyphae where the 
protoplasm was most likely streaming at the time when the material 
was killed and fixed. 

A large number of nuclei are carried into young oogonia by the 
streaming of the protoplasm. Both young antheridia and oogonia are 
multinucleate, but the number of nuclei in antheridia is relatively 
small; probably seldom more than eight or ten. As the nuclei arrive 
in the tip of an oogonial branch they become spherical as has already 
been stated. The number of nuclei which are thus carried into a young 
oogonium before the cross wall is laid down varies considerably with 
the size of the oogonium. The number probably ranges somewhere 
between thirty-five and nearly one hundred. 

The vacuole begins to appear in young oogonia before the cross wall 
separates an oogonium from its stalk. The vacuole gradually becomes 
more spherical, enlarges somewhat, and takes up a central position in 
the oogonium. Antheridia have usually become attached to oogonia 
by the time this stage is reached. 

Nuclei at this stage of oogonial and antheridial development are 
very much the same in size and in structure. Each nucleus at this 
time shows a distinct, large, deeply staining nucleolus (fig. la). About 
this nucleolus there is a nuclear plasm which is limited by a nuclear 
membrane. From the nucleolus to the membrane there radiate a few 
linin threads which are attached to the membrane and make up the 
nuclear network. Several darkly staining granules of chromatin ma- 
terial can be seen on the nuclear membrane and on the linin threads. 
Chromatin material on the nuclear membrane has been observed by 
several others who have worked on the cytology of the water molds. 
Besides the chromatin on the nuclear membrane, there can usually be 
identified at this stage a larger, darkly staining body, the centrosome. 
These structures show well in material stained with the Gram’s tech- 
nique. Claussen (6) and Miicke (31) have noted a centrosome on the 
membrane of resting nuclei at this stage. Héhnk (26) denies the pres- 
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ence of a definite centrosome at any time in the development of Sapro- 
legnia feraz. 

Regarding the structure here referred to as a nucleolus there seems 
to be some difference in the interpretation of its function. Hartog (21) 
regarded it as a chromatin body. Trow (37, 40) thought that it was 
a combination of a nucleolus and a chromosome. Davis (17), Claussen 
(6), Miicke (31), and Carlson (5) regarded it as a nucleolus. Patterson 
(32) agreed with Trow on the latter’s interpretation of this body. 

At about the stage in the development when the cross wall which 
cuts off the oogonium from the stalk is formed, a number of these oog- 
onial nuclei were found in various stages of degeneration. Degenera- 
tion of these nuclei seemed rather rapid, for by the time the spindle 
is formed in the mitosis of those nuclei which remain, they can be de- 
tected only as deeply staining granules scattered in the cytoplasm 
(fig. 4). A short time later they cannot be detected at all (fig. 9). 

The nuclei which remain in the oogonium enlarge considerably be- 
fore the mitotic division takes place. In early prophase, the chromatin 
material on the nuclear network and on the nuclear membrane be- 
comes quite thickened (fig. 2). The centrosome is often quite conspicu- 
ous at this time. In later prophase stages, the threads themselves also 
seem to become thickened to give the threads a more or less uniform 
appearance. Carlson’s (5) figure 13 of Achlya racemosa shows essen- 
tially the same structure as nuclei of Thraustotheca clavata in this same 
stage. Later in the prophase the chromatin material seems to draw 
away from the nuclear membrane and to become clustered in the form 
of curious rod-like bodies in the equatorial region of the nucleus (fig. 3). 
The nucleolus loses its identity during the prophase and is thought 
to contribute to the chromatin of the spireme. This also seemed to be 
the fate of the nucleolus in nuclei of Leptolegnia caudata as observed by 
Couch (15). Carlson (5) believed that the nucleolus in nuclei of Achlya 
racemosa decreased in size and finally disappeared all together. She 
does not explain how this takes place or explain its fate other than to 
say that it disappears. I have been unable to find stages showing the 
formation of the spindle and the passage of the nuclei from the prophase 
to the metaphase. 

Nuclei in the metaphase show a definite clearly defined spindle with 
the chromatin aggregated in the equatorial region (figs. 4 & 6). The 
long axis of the spindle is almost always nearly parallel to the original 
wall in exact median sections of oogonia. In well stained sections there 
appear to be three distinct fibers. A fourth one shows faintly in some 
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preparations and it seems that this one was probably just obscured by 
one of the others where three fibers were seen. There is a distinct 
centrosome at each pole of the spindle, from which radiate astral rays 
(figs. 4&6). The astral rays do not stain here as clearly as they do 
in later stages, but nevertheless, they are readily discernible. Astral 
rays associated with metaphase nuclei have been observed in both an- 
theridia and oogonia (figs. 4-6). Claussen (6) has observed them in 
the antheridia of Saprolegnia monoica and it is a well known fact that 
they occur in the oogonia of several species of the water molds. The 
origin of the two centrosomes found here from the one found in earlier 
stages has not been determined. 

Some of the nuclei at the metaphase show the spindle to be situated 
within what appears to be a nuclear membrane; others show no such 
structure present. Because some of the nuclei begin to degenerate at this 
stage rather than later after the division is complete, it is thought that 
those in which no structure resembling a membrane appears are in early 
stages of degeneration. Mitosis in the antheridium does not often occur 
simultaneously with that in the oogonium, but rather takes place after 
mitosis in the oogonium has progressed somewhat or is almost com- 
pleted (figs. 4&9). This has been the rule in all sections showing mito- 
sis in the antheridia which I have observed. There seems to be only 
one mitosis in either the oogonia or antheridia of Thraustotheca clavata. 

The chromosomes stain quite darkly with the gentian violet. They 
are very small and are variable in shape. Some appear to be slightly 
rod-shaped, others more spherical, and still others somewhat irregular 
in appearance. They tend to cluster together so closely that their 
number could not be determined with certainty. There are definitely 
more than three as described for Achlya colorata by Patterson (32) or 
from four to six as noted in Achlya racemosa by Carlson (5). Claussen 
(6) found from ten to fourteen in Saprolegnia monoica and Mickel (29) 
reports from his studies on several species that the chromosome count 
was constantly eleven. In Thraustotheca clavata the chromosome num- 
ber seems to correspond more nearly with the number observed by 
Claussen and Mickel. The extremely small! size of the nuclei and of 
the chromosomes in any of the water molds makes the problem of deter- 
mining their number with any degree of certainty an extremely diffi- 
cult one. 

As the chromosomes split and start migration toward the poles, the 
membrane-like structure disappears (fig. 7). The chromosomes are 
drawn toward the centrosomes (fig. 8), but the daughter nuclei in the 
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oogonium do not form resting nuclei at this time. The chromatin 
material remains in a darkly staining mass a very short distance from 
the centrosome and is connected with it by a faintly staining beak proc- 
ess (figs. 9, 10, 11). Degeneration of all of the daughter nuclei except 
those which are to remain to function as female gamete nuclei in the 
oogonium now takes place (fig. 9). Degenerating nuclei in various 
stages of disintegration can be detected for a short time. These degener- 
ating nuclei appear very similar to those described by Claussen (6) at 
this stage in Saprolegnia monoica. Degeneration of nuclei here is again 
very rapid, for even late stages were not observed in the egg origins. 

Shortly after this mitotic division, the cleavage furrows from the 
central vacuole begin to push outward. As this occurs, female gamete 
nuclei whose centrosome and astral rays are not directed outward from 
the center of the oogonium seem to rotate so that their centrosomes 
and rays are directed toward the oogonial wall (figs. 9, 10, 11). This 
outward direction of the centrosome and astral rays at this time seems 
to be universal in this family for the figures of other observers bear this 
out. In my observations there was no departure from this rule. Couch 
(16) has also observed this to be the case in Achlya orion, Achlya apicu- 
lata, Achlya caroliniana, and in Saprolegnia delica. Claussen’s figure 
18 shows a very faint centrosome with the rays directed inward, but 
his other figures would lead one to believe that this is not typical. The 
astral rays at this stage become much longer and branched so that they 
are in intimate contact with the cytoplasm within a considerable radius 
of the centrosome and the oosphere nucleus. They can be traced even 
out into the bridges of cytoplasm which extend between the oosphere 
origins (fig. 12). The number of egg origins found in an oogonium 
varies. Oogonia containing a single large uninucleate egg have been 
observed as well as oogonia containing as many as ten eggs. The aver- 
age number seems to range from four to six. 

As the cleavage furrows push outward toward the oogonial wall, the 
egg origins become more and more cone-shaped (fig. 11). The astral 
rays at this stage, and especially during the rounding up of the 
oospheres, can be traced to the very margin of the oosphere cytoplasm 
(figs. 11, 13, 14). Some of these rays were seen to branch just as they 
were about to reach the margin. Claussen (6) was able to trace these 
rays to the margins of the oospheres in Saprolegnia monoica, but his 
figures do not show this clearly. At any rate, they must not have been 
nearly as distinct as those found in Thraustotheca clavata. After the 
oospheres have rounded up, a thin membrane is formed around each of 
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them and the astral rays become much shorter but remain distinct 
(fig. 15). 

At about the time that the membrane is formed around the oospheres, 
fertilization tubes are sent into the oogonium from the antheridia (fig. 
13). These tubes sometimes grow directly toward the nearest oosphere 
and at other times are observed to become quite long and to wind about 
in the oogonium before making contact with an oosphere. The former 
condition was the more frequently encountered. Protoplasm from the 
antheridium flows into these tubes as they elongate. The antheridial 
nuclei stain rather darkly at this stage and the chromatin seems to be 
massed together. The astral rays that were observed during the 
mitosis are not seen at this time. 

As the fertilization tube reaches an oosphere it presses against the 
membrane and the end of the tube enlarges somewhat (fig. 16a). The 
end of the tube finally ruptures the oosphere membrane and a single 
male nucleus is released into the oosphere (fig. 16b). Other male 
nuclei in the tube and those in the antheridia which are not to function 
now degenerate. It has been noticed that an oosphere at the time of 
fertilization shows a vacuole-like region near the point of entrance of 
the male nucleus. This might be referred to as a fertilization spot. 
A somewhat similar condition has been shown by Couch (15) at the 
time of entrance of the male nucleus in Leptolegnia caudata. Carlson 
(5) also shows what appears to be a fertilization spot in Achlya racemosa. 
The fertilization tube has been observed to collapse somewhat after the 
male nucleus has been released into the oosphere (fig. 16b). 

The male nucleus proceeds toward the female nucleus which is usu- 
ally located near the center of the oosphere. As it passes along it 
leaves a path through the cytoplasm (fig. 17). Cooper (12) described 
and figured such a “penetration path” of the male nucleus in Brevilegnia 
diclina and Couch (15) shows a very distinct one to be present in Lepto- 
legnia caudata. The male nucleus finally takes up a position not far 
from the female nucleus near the center of the egg and there the centro- 
some with the astral rays again are seen associated with it. The female 
nucleus also shows astral rays to be still present (fig. 17). Soon after 
this the male and female nuclei become transformed into nuclei which 
resemble in structure resting nuclei (fig. 18). These nuclei now ap- 
proach each other and lie in contact for some time (fig. 19). The 
membrane between the two finally disappears and fusion between the 
nuclei takes place (fig. 20). The zygote nucleus is slightly larger than 
either of the gamete nuclei and stains more darkly. It usually lies 
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near the center of the egg at this time (fig. 21). I have been unable 
to stain satisfactorily mature or germinating eggs, because structures 
in the position of the oil globules in living material are, at these stages, 
so large and stain so darkly that other structures are obscured. 


AN OBSERVATION ON YOUNG ZOOSPORES 


A short time before the study on the development of the sexual 
organs was completed, a study of sections of the zoosporangia which 
had been sectioned was made. Astral rays associated with a centro- 
some in zoospores was observed in sections of material fixed in the 
chromic acid-formalin solution and stained by the Gram’s technique. 
A large number of sporangia were then examined which revealed the 
presence of this centrosome and astral rays in the zoospores. Unfortu- 
nately, when material is fixed for the study of the development of the 
sexual organs, only late stages in zoospore formation in the sporangia 
are obtained. The reason for this is because the antheridia and oogonia 
are not usually produced in abundance until after most of the stages in 
the early formation of the zoospores are passed. ‘The complete cytology 
of spore formation in Thraustotheca clavata has not been worked out, 
but a single figure (fig. 22) of a sporangium after the spores have been 
delimited is here included to show the structure of the spore nuclei 
and the appearance of the centrosome and astral rays. 


DISCUSSION 


The cleavage of the oospheres in the Saprolegniaceae is generally 
attributed to the cleavage furrows from a central vacuole. Claussen 
(6) regarded them in this respect as the active agents in oosphere de- 
limitation. Davis (17) believed that at least a part of the activity of 
the “balling” of the egg origins was due to a “coenocentrum.” This 
Davis described as the “morphological expression of dynamic activities 
in the oogonium, and especially in the egg origins at the time when 
they were differentiated.’”’ Claussen (6) disagrees with Davis on this 
matter for he feels that Davis is wrong in confusing such a structure as 
is found here with the coenocentrum which is found in the Peronospo- 
raceae. 

It is a striking fact that in all egg origins and newly formed oospheres 
of Thraustotheca clavata the centrosome constantly occupies a central 
position in each protoplasmic mass. From this central body there 
radiate ramifying astral rays which can be traced to almost the 
margins of the egg origins. Because these rays are so long and come so 
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very close to, if not reaching the margins of the oospheres, it is felt 
that the central body, or centrosome, and, the astral rays contribute to 
the cleavage of the eggs. 

This possibility is further brought out when one considers the func- 
tion of the astral rays in the formation of the ascospores in the Ascomy- 
cetes. Harper (20) and Bagchee (1), among others, have given us 
detailed accounts of the function of the astral rays in spore delimita- 
tion in this group. In the Ascomycetes the centrosome, at this time 
in particular, is definitely the center of the activity of the nucleus as 
interpreted by Harper. He finds this central body associated with the 
nucleus at all times. The astral rays found in the Ascomycetes not 
only serve as the agents for the delimitation of the ascospores, but also 
later these structures give rise to the plasma membrane of the spores. 
Such a relationship between the astral rays and the oosphere membrane 
has not been observed in Thraustotheca clavata. 

When one considers these facts, it would not seem at all impossible 
that the astral rays found associated with the female gamete nuclei 
in the oogonium may function in oosphere formation. It is obvious 
that they do not “cut out’ spores as is the case in the Ascomycetes, 
but their function in the cleavage and rounding up of the egg origins 
in this plant seems evident in the light of these observations. 

Since the size of the eggs in Thraustotheca clavata, except in cases 
where an oogonium contains a single large egg, is relatively constant, 
some internal force in the region of the egg origins must function in the 
apportionment of the oogonial cytoplasm that goes into the formation 
of each of these, besides the part taken by the cleavage furrows. The 
length of the rays and the position of the centrosome before the cyto- 
plasmic bridges between egg origins are broken also would seem to add 
weight to this conclusion. The importance of the cleavage furrows in 
the delimitation of the oospheres is not denied. However, it is felt 
that these are not the only agents that function in the delimitation and 
rounding up of the oospheres. The centrosome and the astral rays also 
seem to function in this process in Thraustotheca clavata. 


SUMMARY 


1. The observations on living material conforms in general with those 
of other observers. 

2. A combination of a chromic acid-formalin killing and fixing agent 
with Gram’s staining technique is found to give very good results for 
demonstrating such cytoplasmic structures as the acromatic figures. 
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3. The general cytology of Thraustotheca clavata is essentially in 
accord with the observations of others who have worked on the Sap- 
rolegniaceae. 

4. Fertilization is shown to take place in Thraustotheca clavata, thus 
adding another genus and another species in the Saprolegniaceae in 
which fertilization has been demonstrated. 

5. In the cleavage of the egg origins, the centrosome and the astral 
rays are found to be directed outward in all cases. The centrosome 
always occupies a nearly central position in the cytoplasmic mass of 
the egg origins and of the young oospheres. The astral rays are shown 
to extend out to the margins of the young oospheres and out into the 
cytoplasmic bridges between egg origins. 

6. Astral rays associated with a central body are shown to be present 
in young zoospores. The cytology of spore formation has not been 
worked out. 

7. In view of the position of the centrosome and the length of the as- 
tral rays during the formation of the oospheres in Thraustotheca, a 
relationship between the function of the acromatic figure here and of 
that in the Ascomycetes is advanced. 
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EXPLANATION OF PLATES 12 AND 13 
PLATE 12 


Fig. 1. Section of a young oogonium showing shape and appearance of nuclei in 
this stage in development. X 1135. (a) Nuclei from a young oogonium 
enlarged. X 2015. 

Fig. 2. Early prophase nuclei. X 2015. 

Fig. 3. Late prophase nuclei showing the clustering of the chromatin into curious 
rod-like bodies. X 2015. 

Fig. 4. Section of an oogonium showing (a) nuclei in metaphase of mitosis, (b) 
nuclei beginning to degenerate at this stage, and (c) granule-like remains 
of nuclei that began degeneration earlier. Nuclei in the antheridia are still 
in the resting stage. X 1135. 

Fig. 5. Section of an antheridium showing mitosis.  X 1135. (See also section of 
antheridium in fig. 9.) 

Fig. 6. Enlarged metaphase nucleus. X 2015. 

Fig. 7. Enlarged anaphase nucleus from an oogonium. X 2015. 
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Fig. 8. Later stage than shown in fig. 7 showing the chromatin becoming clustered 
together in the condition found in later stages in the development of the 
oogonium. X 2015. 

Fig. 9. Section of an oogonium showing the female gamete nuclei. The other 
daughter nuclei are degenerating. Note mitosis taking place in a section 
of one antheridium. X 1135. 

Fig. 10. Early stage in the cleavage of the egg origins. One gamete nucleus has 
not yet become oriented and no inward bulging of the cytoplasm has oc- 
curred. The other nucleus has its centrosome and rays in the typical posi- 
tion and the egg origin is forming. X 1135. 

Fig. 11. Later stage in cleavage showing sections through three egg origins. 

X 1135. 


PLATE 13 


Fig. 12. Detail figure of an early stage in the formation of the egg origins showing 
the length and branching of the astral rays at this time. X 2015. 

Fig. 13. Section of a large oogonium showing position of nucleus and acromatic 
figure during the rounding up of the oospheres. Some of the astral rays 
extend to the margin of the oosphere cytoplasm. X 1135. 

Fig. 14. Smaller oogonium in same stage as that in fig. 13. Only the centrosome 
and rays show in one oosphere; the chromatin of the nucleus is in the adja- 
cent section.  X 1135. 

Fig. 15. Oosphere after the membrane has formed. The astral rays have become 
much shorter. X 1135. 

Fig. 16. Section of an oogonium showing two stages in fertilization. The fertili- 
zation tube at (a) is pushing against the oosphere membrane and the tip has 
become enlarged. At (b) the male nucleus has just been released and the 
end of the tube has collapsed somewhat. Note a “fertilization spot’’ in the 
last oosphere. X 1135. 

Fig.17. Section of an oogonium containing a single large egg showing the ‘‘pene- 
tration path’’ of the male nucleus. Astral rays are associated with both 
male and female nuclei at this time. X 1135. 

Figs. 18-20. Stages in the development and fusion of the gamete nuclei. All 
figures except 20a X 1135, 20a X 2015. 

Fig. 21. Egg showing the zygote nucleus shortly after fertilization. X 1135. 

Fig. 22. A longitudinal section of a sporangium showing astral rays and a centro- 
some associated with the nuclei in zoospores. X 1135. 
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THE OCCURRENCE OF LIPARIS LOESELIT AND HABENARIA 
BRACTEATA IN NORTH CAROLINA 


By Lane BARKSDALE 
PuLaTE 14 


In the Manual of the Southeastern Flora (1933), Small reports Liparis 
Loeselit as extending over an area covering “Ala. to Mo., Sask., Ont., 
and N.S.” Though North Carolina falls into the range quoted above, 
no record of Loesel’s twayblade had been made from this state before 
June, 1936.1. For, though the author had known of the North Carolina 
colony prior to the above date (since June, 1931), he had made only 
photographic records of it, and the films constituting these records had 
been accidentally destroyed. Thus, in order to substantiate the re- 
ported existence of a colony of L. Loeselit (L.) L. C. Richard at Chim- 
ney Rock, N. C., it was necessary to make a return trip there in 
June, 1936. 

About one half mile from Chimney Rock on Chimney Rock Moun- 
tain, Rutherford County, is Hickory Nut Falls, an exposed right-angled 
wall of granite, the crest of which rises a thousand feet above the fertile 
valley of the Rocky Broad River. Here to the left of the falls under 
a drip-rock, the colony of Liparis Loeselii grows in a mound of moss (a 
combination of Sphagnum and Mnium). Other inhabitants of the same 
mound include one or two Vacciniums (acting as a filter for the orchids 
against the morning sunlight), Viola primulifolia, one or two plants of 
Habenaria clavellata, and several grasses. The twayblade plants, the 
entire station numbering seven, sit with their pseudobulbs above 
ground, their strongly keeled leaves almost vertical, and their yellow- 
green spikes well hidden in the blades of grass. The number of flowers 
per spike ranges from two to fourteen. 

Aside from the colony under the drip-rock, no other specimens of 
L. Loeselii have been found either on Chimney Rock Mountain or any 
other of the similar mountains bordering Hickory Nut Gorge, though 
quite a search has been made for them. Specimens of the twayblades 


1 Barksdale, Lane. Some Notes on the Orchids of Piedmont and Western 
North Carolina. Chapel Hill, N.C. 1936. 
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from the above station have been deposited in the Herbarium of the 
University of North Carolina, in the Gray Herbarium of Harvard, and 
in the Herbarium of Duke University. 

So far as is known, Habenaria bracteata (Willd.) R. Brown has been 
collected heretofore in only one North Carolina county, and that collec- 
tion was made by W. W. Ashe on Big Yellow Mountain, Mitchell County. 
On May 15, 1937, the author found one plant of H. bracteata growing 
ina clump of Orchis spectabilis near Cove Creek Post Office in Haywood 
County. Only one blossoming plant could be found. Nearby were afew 
seedlings growing in rich open soil, with large plants of Trillium erectum 
var. album and Convallaria majalis. 

DEPARTMENT OF Botany, 


University OF NortH CAROLINA, 
CHAPEL Hitt, N. C. 





PLATE 14 











THE ORCHIDS OF NORTH CAROLINA 


By Donovan 8. CoRRELL 
PuaTE 15 
INTRODUCTION 


This paper presents the results of a study of the orchid flora of North 
Carolina. The purpose of this study was to determine what species 
occur within the state, their habitats and distribution by counties and 
physiographical regions,* and the preparation of practical keys for their 
identification. No comprehensive study has been previously published 
of the orchids of North Carolina. However, many of the species found 
in the state have been included in various plant catalogues and manuals. 
In his unpublished “Flora Salemitana’”’ (1821), which is in the posses- 
sion of the Academy of Natural Sciences of Philadelphia, Schweinitz 
(19) listed 27 orchids as occurring in the district which includes Forsyth 
County and parts of several adjacent counties known as the “Salem 
Community.” Curtis (1867) included 41 species of orchids in his 
botanical study of the state (13). In 1886, Hyams (15) listed along 
with other plants 2 species of orchids not included in Curtis’ catalogue. 
The same year, in a list of the plants of Wilmington and vicinity, Wood 
and McCarthy listed 18 species of orchids, including the rare epiphyte 
Epidendrum conopseum R. Br. (23). Five years later (1891) Small 
and Heller (21), botanizing mainly in the western part of the state, 
collected 15 species of orchids. In 1936, Blomquist and Oosting (9) 
included 25 species of orchids in their spring and early summer flora of 
the piedmont. 

Only 2 county lists, which include or concern orchids, have thus far 
been published for North Carolina. These are for Henderson and 
Guilford counties. In 1915, Memminger (16) published a list of plants 
growing “spontaneously” in Henderson County, which included 26 
species of orchids. Most of these species have since been collected in 
Henderson County by Margaret C. Campbell and the writer. In 1933, 


* This division follows that which is used by the United States Geological 
Survey; namely, the Coastal Plain Region, the Piedmont Region, and the Moun- 
tain Region. 
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Barksdale (7) published a paper on the orchids of Guilford County in 
which 17 species were discussed. Since then (1936) Barksdale (8) has 
published some notes on the orchids occurring in the piedmont and 
western North Carolina in which 38 species and 2 varieties were listed. 

Besides the above publications the manuals of Chapman (11) and 
Small (20) include the flora of North Carolina. In the third edition 
(1897) of his manual, Chapman included 47 species in the Orchidaceae 
for North Carolina which have since then been definitely found to grow 
in the state. Small included North Carolina in the range of 51 species 
of orchids in his manual. Some of the species cited in the latter have 
not, however, been collected in the state, according to the specimens 
examined. Prof. Oakes Ames’ revision of the Orchidaceae in Gray’s 
New Manual of Botany, 7th edition (18), includes many of the orchids 
of the state. 

The present study shows that 53 species and 5 varieties of orchids 
occur in North Carolina. Four of the species and 3 of the varieties 
have not been reported before from the state. In addition to the 
species which have been collected within the state, there are 3 others 
(Microstylis spicata Lindl., Corallorrhiza trifida Chatelain, and Listera 
australis Lindl.) which might be expected. The species not reported 
before from North Carolina are: Listera cordata (L.) R. Br., Eulophia 
ecristata (Fernald) Ames, Spiranthes longilabris Lindl., and Spiranthes 
floridanum (Wherry) and the forms X Habenaria Canbyi Ames, X 
Spiranthes intermedia Ames, and Calopogon pulchellus f. albiflorus 
(Britton) Fernald. 

During the summer of 1935 a collecting trip, lasting from the middle 
of June until the middle of August, was made throughout North Caro- 
lina. Forty-five counties in the eastern half of the state and 32 counties 
in the western half were visited. In addition to these two extensive 
trips over the state, several others were made through the extreme 
southeastern counties and into counties adjacent to Durham County. 
About 500 collections were made on these trips. In addition to the col- 
lecting of specimens, field notes were taken concerning the different 
species found. The notes included such ecological data as were pos- 
sible to be obtained from observation; habitat and plant associations were 
especially noted. Hydrogen-ion determinations were made with a 
Hellige Soil Tester on the soil in which many of the species grew, and 
flowers of most of the plants were preserved in 2% formalin for study 
in identification. 
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TAXONOMIC PROBLEMS 


The most critical diagnostic characters of the Orchidaceae for practi- 
cal purposes are the variations in the column and the size, shape, color, 
and position of the lip. Other characters which are valuable in some 
cases in separating the genera are the spur or nectary, as in Habenaria, 
and the type of inflorescence which is usually a solitary flower, a raceme, 
or a spike. 

The use of vegetative parts of the plant in diagnosing and preparing 
keys for genera and species have been avoided as much as possible. In 
most cases they were found to be inconstant and therefore unreliable. 
Such is the case in Spiranthes, where the terms “‘leaves fugacious”’ and 
“leaves persistent” are much used in literature including the Orchi- 
daceae. The leaves of those specimens of Spiranthes examined in this 
study, which included several thousand plants, were for the most part 
absent and were only in rare cases dependable as a diagnostic character. 
It seems permissible, however, to use the vegetative characters as 
secondary. Of course, in the case of caulescent and radical leaves, 
which are persistent throughout the season, as exemplified by the genus 
Cypripedium, it is possible to use the leaf character in distinguishing 
the species. For example, Cypripedium acaule Ait. with its two basal 
or radical leaves is strikingly different from Cypripedium parviflorum 
Salisb. with its leafy stem. 

For several reasons, the genus Spiranthes may be considered to be the 
most difficult of the orchids found in North Carolina. Although several 
keys have been prepared for this genus (2, 18, 20), none seems to be 
adequate to cope satisfactorily with the difficulties encountered in this 
group. This may be readily understood from the fact that it is possible 
to take all the individual flowers on a spike in any single plant of the 
various species of Spiranthes and, upon careful examination, find some 
variation in the lip of every flower, although there will be a conforma- 
tion to a certain type of lip which is outstanding in that particular 
spike. In spite of the variation of the lip in each plant or in different 
plants of the same species it seems, however, to be the most reliable 
character upon which to base a practical key. Such characters as the 
leaves, roots, glands, pubescence, bracts, and size of the plant in the 
genus Spiranthes must be used with discretion. Due to ecological 
variations, plants of the same species found growing in wet marshes 
and low meadows on the coast may be very different in size and appear- 
ance from those found in upland bogs and meadows in the piedmont 
and mountain region. Such variation must, therefore, be taken into 
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consideration in determining the species. The species of Spiranthes, 
as well as those of Habenaria, tend to hybridize freely (1, 4, 6, 14), 
thus causing additional confusion. 

The closely allied species Habenaria psycodes (L.) Spreng. and H. 
fimbriata (Ait.) R. Br. are in many respects as difficult to separate as 
some species of Spiranthes. Ames says, “The difficulties are increased 
tenfold when it is realized that Habenaria psycodes and H. fimbriata 
are so similar that they are distinguishable only by arbitrary rules. In 
the preparation of the Orchidaceae for Gray’s New Manual a con- 
scientious effort was made to ascertain the distinctive characters of these 
two species. Although every conspicuous character was carefully 
studied it was found that the most reliable distinction was the depth 
of the fringe on the divisions of the labellum; in H. psycodes this being 
one-third the depth of the divisions or less, and in H. fimbriata one- 
third or more” (3). The writer finds that the size, number, and color 
of the flowers and the size of the spike are also helpful in distinguish- 
ing these two species: the flowers of H. fimbriata being larger, fewer, and 
paler than those of H. psycodes. 

Some difficulty is encountered in the genus Calopogon. Calopogon 
pulchellus (Sw.) R. Br. may be separated from C. parviflorus Lindl. and 
C. pallidus Chapm. by its larger size, but the latter two species are 
often confused because the lip and column characters vary considerably 
in each. The middle lobe of C. pallidus is smaller than that of C. 
parviflorus but the shape may often be similar. Calopogon parviflorus 
blooms earlier, from April to early June, while C. pallidus blooms from 
late May until the last of July. All of the flowers in a raceme of C. 
parviflorus usually open about the same time while those of C. pallidus 
open successively from the base upward. The flowering period of the 
latter, therefore, usually extends over several weeks. 
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Providence, R. I.; Dr. H. K. Svenson, Brooklyn Botanic Garden, 
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PREFACE TO THE KEYS 


The main objective in the preparation of the keys for the genera and 
species was to make them as practical and reliable as possible. There- 
fore, the keys are very descriptive and are based solely upon mature 
plants. The lip of the flower is the main diagnostic character used. 
Other flower characters have also been used in some cases, and these 
have been supplemented by vegetative characters where such were 
found to be distinctive enough to be of value. 

An effort was made to make the keys as original as possible, but 
where confusion might arise by the introduction of new terminology, 
some of the diagnostic distinctions found in other keys were used. The 
manuals principally used for identification in the course of this work 
were Small’s Manual of the Southeastern Flora (20) and Gray’s Manual 
(18). The nomenclature used is based for the most part upon Prof. 
Oakes Ames’ Enumeration (5), and the phylogenetic arrangement of the 
genera follows that of Pfitzer (17). 

For completeness three species (Microstylis spicata, Listera australis, 
and Corallorrhiza trifida) which may be expected in the state but have 
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not thus far been found, are included in the keys. The distributional 
data for North Carolina which are cited for each species are based 
upon more than 2000 specimens examined. The general distributional 
data are compiled from various recent publications which include or 
concern the Orchidaceae (5, 10, 11, 18, 20). 

In citing specimens the following abbreviations are used to designate 
the herbaria in which the specimens are deposited: (A)—Oakes Ames 
Herbarium, Harvard University, Cambridge, Mass.; (B)—Brooklyn 
Botanic Garden Herbarium, Brooklyn, N. Y.; (BU)—Brown Univer- 
sity Herbarium, Providence, R. I.; (But.)—Butler University Herba- 
rium, Indianapolis, Ind.; (C)—Cornell University Herbarium, Ithaca, 
N. Y.; (Da.)—May E. Day Herbarium, Oberlin, Ohio; (HMD)—H. 
M. Denslow Herbarium, Hartford, Conn.; (D)—Duke University Her- 
barium, Durham, N. C.; (MBD)—M. B. Dunkle Herbarium, Long 
Beach, Calif.; (F)—Field Columbian Museum, Chicago, Ill.; (G)— 
Gray Herbarium, Harvard University, Cambridge, Mass.; (GHG)— 
G. H. Grinnell Herbarium, Los Angeles, Calif.; (L)—Albert E. Lownes 
Herbarium, Providence, R. I.; (NC)—University of North Carolina 
Herbarium, Chapel Hill, N. C.; (N)—New York Botanical Garden 
Herbarium, New York, N. Y.; (NS)—Academy of Natural Sciences 
Herbarium, Philadelphia, Pa.; (P)—University of Pennsylvania Her- 
barium, Philadelphia, Pa.; (S)—Salem College Herbarium, Winston- 
Salem, N. C.; (POS)—P. O. Schallert Herbarium, Winston-Salem, N. 
C.; (SC)—North Carolina State College Herbarium, Raleigh, N. C.; 
(T)—University of Tennessee Herbarium, Knoxville, Tenn.; (U)— 
United States National Herbarium, Washington, D. C.; (WV)— 
University of West Virginia Herbarium, Morgantown, W. Va. 


KEY TO THE GENERA 


1. Lip an inflated pouch; leaves large, plaited; fertile anthers 2 
1. Cypripedium 
1. Lip concave or flat, not an inflated pouch; leaves various; fertile anther 1 
2. Flowers with a distinct and elongated spur, at least 2 mm. long 
3. Leaves present at time of flowering 
4. Flowers bicolorous; lip white, tongue-shaped, dilated; sepals and petals 
purple, uniting to form hood; leaves 1-2, basal; scape stout, 4-5 angled; 


flowering in early spring, April-May........................... 2. Orchis 
4. Flowers concolorous; lip variously fringed, lobed, notched, or divided; 
flowering later, middle June-August....................... 3. Habenaria 


3. Leaves absent at time of flowering, when present, green above, purplish 
beneath; flowers greenish, tinged with madder-purple; lip 3-lobed 
13. Tipularia 
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2. Flowers without a conspicuous spur; lip sometimes globose 
5. Epiphytic; lip attached and adnate to the apex of the column, green, 3-lobed 
14. Epidendrum 
5. Terrestrial 
6. Piants green; leaves l-many, sometimes absent or inconspicuous at time of 
flowering in Spiranthes and A plectrum 
7. Lip crested or bearded on face 
8. Leaves present at time of flowering; flowers white to purplish 
9. Leaves linear to linear-lanceolate, more than 1, grass-like, sheathing the 
scape near the base; column winged at apex; lip above or superior, 
middle lobe prominent, basal lobes much reduced... .15. Calopogon 
9. Leaves ovate to ovate-oblong, solitary near or above the middle of the 
stem, alternate along the stem, or in whorl of 5-6 at the top of the 
stem; column not winged, club-shaped; lip below or inferior 
4. Pogonia 
8. Leaves absent at time of flowering; flowers rose-purplish to pale purplish 
green or yellow 
10. Flowers in raceme, pale purplish green or yellow; lip somewhat 
hastately 3-lobed, crested on the face with 3 longitudinal ridges; 
leaf solitary, large, oval, plaited, absent or withered at time of 
flowering ......:.-.. pas ee unis pik immcetSiis ....17. Aplectrum 
10. Flower solitary (rarely 2), rose-purple; lip oblong, recurved, dilated, 
middle lobe pendent and eroded or fringed at apex, crested on face 
with 3-5 ranks of yellow or white fleshy hairs; leaf solitary, linear, 
developing after the fiowering season...... Peer we 
7. Lip not crested or bearded on face 
11. Flowers essentially sessile, white or greenish white, in a compact spiral 
or cylindrical spike; sepals and petals, except lip, erect and 
connivent 
12. Lip globose-saccate, with short, blunt tip, less than 6 mm. long, 
without basal callosities; raceme 1l-sided or densely flowered; 
leaves ovate to ovate-oblong, in basal rosette, variegated with 
network of white veins; rooting from nodes of creeping rhizome 
8. Goodyera 
12. Lip not globose, but spreading, crisped and cut, concave, with cal- 
losities at base; flowers in 1-4 ranks, spirally twisted raceme; 
leaves never variegated, basal or extending up the stem, elliptic to 
linear-lanceolate; roots solitary or in a cluster at base of stem 
6. Spiranthes 
11. Flowers on pedicels at least 2mm. long, variously colored, often minute, 
arranged in a loose raceme; sepals and petals free 
13. Leaves basal, not cauline 
14. Leaves numerous in basal rosette, spreading upon the ground; 
perianth greenish; lip small, concave, beaked, short-clawed, 
attached above the base to the column........ ...9. Ponthieva 
14. Leaves not in basal rosette, although arising from the base, sheath- 
ing the stem 
15. Leaves several, narrowly linear-elliptic, 20-50 cm. long, plicate, 
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somewhat coriaceous; lip 3-lobed, as wide as long, 2 large 
lobes at base, rarely absent; plants slender, more than 35 
a aks chia pe ilaanneencvats oxchainen 18. Eulophia 
15. Leaves 1-2, ovate to elliptic-lanceolate, less than 20 cm. long, 
fleshy or membranous; plants small, less than 30 cm. tall 
16. Lip less than 3.8 mm. long, cordate or auricled at the base, 
3-lobed at the apex, broadest at the base, green or brown- 
ish green; flowers minute, less than 6 mm. long 
10. Microstylis 
16. Lip more than 3.8 mm. long, narrowed at the base, broadest 
and abruptly pointed at the apex, yellowish green or 
mauve; flowers larger, more than6mm. long. .11. Liparis 
13. Leaves 2, not basal, cauline, near the middle of the stem, small round- 
ovate; lip cuneate or wedge-shaped, 2-lobed at the apex. ..7. Listera 
6. Plants not green; stem yellowish brown; leaves reduced to sheathing 
scales; rhizomes coralloid 
17. Lip with 5-6 longitudinal ridges or crests down middle of face, 3- 
lobed; perianth about 2 cm. long................ 16. Hezxalectris 
17. Lip not ridged or crested, at most lamellate, 3-lobed, entire, notched, 
or the margin denticulate, white or spotted with magenta-crim- 
son; perianth less than 2 cm. long............. 12. Corallorrhiza 


1. CYPRIPEDIUM L. LADY SLIPPER, MOCCASIN FLOWER 


1. Inflated pouch fissured in front; scape 1-flowered; lip usually pink, rose-veined 
on the face, with velvety appearance; leaves 2, basal and sheathing the stem, 
blades plaited.. PERN Pare Ae ee eee reas ea 1. C. acaule 

1. Inflated pouch not fissured i in : front; peduncle 1- or more flowered; stem leafy, 
blades plaited 

2. Lip longer than the sepals and petals, white to pale mauve, striped with white, 

flushed with rose-purple on face; sepals white. . Seti .2. C. reginae 

2. Lip shorter than the sepals and petals, golden yellow, with giased appearance; 
petals and sepals greenish, suffused with madder-purple 

ee 

a ee I RO ss i divine viii n Weasels crew anes 4. C. pubescens 


1. Cypripedium acaule Ait. Pink moccasin flower 

(Fissipes acaulis (Ait.) Small) 

Variable in habitat, in wet sphagnum bogs, low flood-plains along 
wooded streams, on rocky wooded slopes, and particularly where ever- 
greens such as pines, hemlocks, and cedars are found, may be expected 
in any habitat where acid conditions prevail. April—July. 


Mountain counties: Ashe: Leeds 1571 (NS). Buncombe: Biltmore 1211, 121la 
(C, U), 1211b (N, U, P, G, B, F); Ramsey (NC); Pollard (U); Standley and Bollman 
10029 (U); Correll 3840A (D). Burke: Alerander (NC); Blomquist and Correll 
4702 (D). Henderson: Campbell (NC); Garren 229 (D); Correll 3269, 3342 (D). 
Macon: Landers (POS). Polk: Millspaugh (F); Day (Da.); Correll 3189 (D). 
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Transylvania: House 4190 (U); Oosting 36120 (D). Watauga: Blomquist 5927 
(D); Small and Heller (F); Schallert (D); Ashe (NC); Heller (N). 

Piedmont counties: Burke: Correll 3059, 3097 (D). Davie: Blomquist and 
_ Correll 4667 (D). Durham: Blomquist (P). Forsyth: Penry (S); Denke (8). 

Granville: Correll 469 (D, HMD), 589 (D). Orange: Simmons (NC). Polk: 
Townsend (U, C). Wake: Correll 308 (D). 

Coastal Plain counties: Edgecombe: Correll 2446 (D). Gates: Correll 2276 
(D). Halifax: Correll 2416 (D). Johnston: Mitchell (D); Deans (NC). Martin: 
Fisher (NS). Perquimans: Glasson (D). 

Newfoundland and Nova Scotia to South Carolina and Alabama, west to 
Minnesota and Winnipeg. 


2. Cypripedium reginae Walt. Queen lady slipper 
(C. spectabilis Salisb.; C. hirsutum Mill.) 
In swamps and on mossy wooded slopes. May-June. 


Mountain counties: Jackson: Ashe (NC). 
Newfoundland to Georgia, west to Missouri, Wisconsin, and Minnesota. 


3. Cypripedium parviflorum Salisb. Small yellow lady slipper 
On densely wooded banks or in floodplain habitats along streams, in 
neutral to acid soils. April-June. 


Mountain counties: Buncombe: Hogg (N). Burke: Coker (NC). Haywood: 
Blomquist 5929 (D); Standley 5650 (U). Henderson: Correll 3248 (D, HMD), 
3264 (D). Macon: Landers (POS); Biltmore 1208 (U, F, C), 1208b (B, F, U, G); 
—(G); Correll 3520 (D). Mitchell: Wetherby 190 (U). Polk: Day (Da). Swain: 
Correll 3702 (D). Transylvania: Leeds 1141 (NS); House 4149 (U), 4140 (U). 
Watauga: Blomquist 5928 (D); Schallert (S). 

Piedmont counties: Forsyth: Schweinitz (NS). Orange: Holland (NC); 
Deans (NC). Polk: Townsend (U). Randolph: Correll 733, 736, 752 (D). 
Wake: Blomquist and Correll 303 (D). 

Anticosti, Newfoundland, to Georgia and Mississippi, west through the Rockies 
to Washington and British Columbia. 


4. Cypripedium pubescens Willd. Large yellow lady slipper 

(C. parviflorum var. pubescens (Willd.) Knight) 

On rich wooded slopes and in lowland thickets, neutral to mildly 
acid soils. April-June. 


Mountain counties: Buncombe: Biltmore 157 (U, C); Pollard (U). Burke: 
Biltmore 157b (U). Henderson: Campbell (NC). Macon: Harbison (U);—(G). 
Mitchell: Ashe (NC); Small and Heller (F). Transylvania: House 4168 (U). 

Piedmont counties: Durham: Blomquist 5930 (D). Forsyth: Denke (S). 
Gaston: Correll and Blomquist 5122 (D). Orange: Smith (NC); Totten (NC). 
Polk: Townsend (U, C). Wake: Oosting 3516A (D); Blomquist and Correll 302 
(D). 

Quebec and Nova Scotia to Georgia and Alabama, west to New Mexico and 
British Columbia. 
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2. ORCHIS L. ORCHIS 
(Galeorchis Rydb.) 


1. Orchis spectabilis L. Showy orchis 

(Galeorchis spectabilis (L.) Rydb.) 

Floodplain areas of streams in rich deciduous woods and in hemlock 
groves, neutral to slightly acid soils. May-July. 


Mountain counties: Buncombe: Biltmore 679b (N, F, U, G, B), 679 (C); 
Pollard (U); Standley and Bollman 10070 (U); Teague (D); Correll 3841 (D, HMD). 
Haywood: House 5141 (N); Standley 5684 (U); Price 365 (D); Oosting 34252 (D); 
Blomquist 3952, 5953 (D). Henderson: Holmes (NC); Campbell (NC); Correll 
3247:(D). Jackson: Anderson 1400 (P); Oosting 34330 (D). Mitchell: Ashe 
(NC); Wetherby 191 (U). Polk: Biltmore 679c (N); Day (Da); Peattie 1633 (F, 
NC); T wnsend 4 (C); Correll 3234 (D, A). Transylvania: House 4189 (U). 
Watauga: Heller (N); Small and Heller (C). Yancey: Correll 3874 (D). 

Piedmont counties: Forsyth: Schweinitz (NS); Lehman (D); Denke (S); Schal- 
lert (S). Granville: Correll and Blomquist 5112 (D). Orange: Totten (NC); 
Neely (NC). Wake: Oosting 3517A (D). 

New Brunswick and Ontario to Georgia, west to Nebraska, Missouri, and 
Arkansas. 


3. HABENARIA WILLD. REIN ORCHIS, FRINGED ORCHIS 


1. Lip deeply 3-parted, at least halfway to base 
2. Divisions of the lip fringed or prominently crenate or eroded; petals not 2- 
parted,.entire, crenate or fringed 
3. Lateral lobes of lip capillary-fringed almost to base; middle lobe dilated at 
apex into a short-fringed wedge; petals entire; flowers pale er or 
whitish green hears Shee A ee Pe ee Pete Pe . H. lacera 
3. Lateral lobes of lip fringed halfway to base at most, or r eroded; ak ers lilac, 
rarely white, to deep purple 
4. Lobes of lip cuneate or flabellate, edges irregularly eroded, middle lobe 
notched at apex; petals slightly eroded or entire....... 2. H. peramoena 
4. Lobes of lip broadly flabellate, copiously fringed; petals finely toothed 
5. Lip more than 1.5 em. broad, the lobes fringed to about one-third their 
depth; spike more than 4 cm. through, loosely flowered; flowers lilac 
3. H. fimbriata 
5. Lip less than 1.5 cm. broad, the lobes fringed to less than one-third their 
depth; spike less than 3.5 cm. through, densely flowered and compact, 
flowers purple. . Se ee ee be ee 4. H. psycodes 
2. Divisions of the lip not fringed, e entire; lateral lobes setaceous, much longer 
than the linear middle lobe; lip 8-9 mm. long; petals 2-parted nearly to the 
base; the lower segment setaceous, the upper linear and acute; flowers 
yellowish green in a loose raceme; spur as long as the ovary 
5. H. repens 
1. Lip not 3-parted, tongue-shaped, at most fringed, notched, or lobed 
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6. Lip copiously ciliate-fringed 
7. Flowers white; lip narrowly ovate-lanceolate, 8-11 mm. long, coarsely 
fringed, basal fringes often branched................6. H. blephariglottis 
7. Flowers yellow or orange 
8. Lip ovate, about 7 mm. long; spur shorter than the ovary, 5-9 mm. long 
7. H. cristata 
8. Lip oblong, about 1 cm. long; spur longer than the ovary, 1.5-2. 5 cm. long 
8. H. ciliaris 
6. Lip not fringed, at most coarsely eroded 
9. Lip entire or crenate, not lobed or notched 
10. Lip tongue-shaped, ovate, entire or crenate on the margin, 44.5 mm. 
long; spur shorter than the ovary, 4-5 mm. long, awl-shaped; flowers 
I oa os oe eR eaten ee oo ss Ree eee ae eee 9. H. integra 
10. Lip entire, ligulate or strap-shaped; flowers white or whitish green 
11. Lip above, erect, narrowly oblong or lanceolate, 5-7 mm. long; spur 
twice as long as the ovary, ascending, about 1 cm. long; leaves mostly 
basal, linear, reduced on upper part of stem; flowers pure white 
10. H. nivea 
11. Lip below, oblong, obtuse, directed downward, 15-20 mm. long; spur 
longer than the lip, curved upward toward the tip, 2.54 cm. long; 
leaves orbicular, basal and radical; flowers whitish green 
11. H. orbiculata 
9. Lip hastately-lobed or notched at apex 
12. Lip hastately 2-lobed at base, with horn-like tubercle on median line of 
face near base, apex truncate, rarely lobed, middle lobe 4.5-5 mm. 
long; spur slender, shorter than the ovary; flowers yellowish green 
12. H. flava 
12. Lip not hastately lobed at base, 3-lobed or toothed at apex; flowers 
greenish 
13. Lip wedge-oblong, 3-5 mm. long, shallowly notched at apex into 3 
short equal lobes; spur slender, clavate or 2-lobed, longer than the 
ovary; leaves 1-2, near middle of stem, oblong or spatulate 
13. H. clavellata 
13. Lip oblong-spatulate, 6-8 mm. long, unequally 3-lobed at apex, lateral 
lobes prolonged beyond obsolete middle lobe; spur saccate, very 
short, broad and blunt, whitish, delicate; floral bracts 2-4 times the 
length of the ovaries; stem leafy.................. 14. H. bracteata 


1. Habenaria lacera (Michx.) Lodd. Ragged orchid 

(Blephariglottis lacera (Michx.) Rydb.) 

In moderately acid conditions in wet open sedge swamps and marshes, 
in meadows and glades of open woods. June-July. 


Mountain counties: Ashe: Correll 4031 (D). Henderson: Campbell (NC); 
Biltmore 4815a (N, U). Macon: Blomquist 5944 (D). Mitchell: Wetherby 159 
(U). Transylvania: House 3653 (G). 

Piedmont counties: Forsyth: Schweinitz (NS); Denke (D). Union: Correll 
921 (D, HMD, GHG, A). 
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Coastal Plain counties: Pender: Wells (SC). 
Newfoundland to Georgia, west to Alabama, Missouri, and Manitoba. 


2. Habenaria peramoena A. Gray. Purple fringeless orchid 
(Blephariglottis peramoena (A. Gray) Rydb.) 
In moderately to strongly acid soil of moist meadows and along 
stream banks. July—August. 


Mountain counties: Buncombe: Williamson (NS); Biltmore 488b (N); Hall 
(B). Burke: Correll 3916 (D). Jackson: Blomquist 5947 (D). McDowell: 
Hyams (U). Macon: Correll 3494 (D). Mitchell: Wetherby (U). Swain: 
Beardslee and Kofoid (N, C); Hall (B). Watauga: Carter (P). 

Piedmont counties: Caldwell: — (NC). Forsyth: Shirley (D); Denke (S). 
Iredell: Hyams (U). 

Pennsylvania and New Jersey to North Carolina, west to Illinois, Missouri, 
and Alabama. 


3. Habenaria fimbriata (Ait.) R. Br. Large purple fringed orchid 

(H. grandiflora Torr.; Blephariglottis grandiflora (Bigel.) Rydb.) 

In moist deciduous woods, in lowland meadows, medium to strongly 
acid conditions. June—August. 


Mountain counties: Buncombe: Biltmore 4994 (P, U, N, NC, G), 4994b (N, 
U, G); Standley and Bollman 10003 (U). Haywood: Oosting 34455, 35390 (D); 
Hall (B). Mitchell: Smith (U); Small and Heller (U). Watauga: Trudell 
(HMD); Durand (C). 

Newfoundland to North Carolina and Tennessee, west to Ontario and New 
York. 


4. Habenaria psycodes (L.) Spreng. Small purple fringed orchid 
(Blephariglottis psycodes (L.) Rydb.) 
In upland meadows, swamps, and in open moist woods, neutral to 
slightly acid soil. June-August. 


Mountain counties: Avery: Ashe 1337 (NC); Small and Heller (F). Bun- 
combe: Harvey (NC); Faxon (G); Correll 57, 142, 3818, 3819 (D), 3839 (D, A). 
Haywood: Blomquist 5925 (D, P): Smith (U, G); Wiegand (C); Standley 5685 (U); 
Hendrix B65 62 (D); Correll 3788 (D, HMD). Jackson: Blomquist 5924 (D); 
Williamson (NS). McDowell: Peattie 939 (NC). Mitchell: Small and Heller 
(F, P); Harshberger 132 (P, N); Ashe (NC); Schallert 9437 (D); Cannon (U); 
Wetherby 160, 189 (U) Smith (U). Swain: Anderson 1465 (P); Oosting 35443 (D, 
HMD, GHG), 35420 (D); Blomquist 5940 (D); Beardslee and Kofoid (N, G, C). 
Transylvania: House 4227 (U). Watauga: Trudell (HMD); Leeds 1097 (NS); 
Rydberg 9501 (N). 

Newfoundland to North Carolina, west to Minnesota and Iowa. 
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5. Habenaria repens Nutt. Creeping orchid 
In ditches, streams, swamps, ponds, and on lake shores, often on 
floating mats on the surface of water. August—October. 


Coastal Plain counties: Brunswick: Reed 98 (D). New Hanover: Williamson 
(NS); Bartram (NS); Wherry (NS); Canby 13 (NS, B, F); Blomquist 5945 (D). 

Virginia to Florida, Alabama, and Louisiana; also West Indies, and Central 
and South America. . 


6. Habenaria blephariglottis (Willd.) Hook. White fringed orchid 
(Blephariglottis blephariglottis (Willd.) Rydb.) 
In strongly acid bogs, peat lands, and pine barrens. July-September. 


Mountain counties: Haywood: Standley 5511 (U). Henderson: Smith 268 
(BU, U); Campbell (NC); Correll 3353 (D, HMD), 3357 (D). 

Coastal Plain counties: Bladen: Heller (F); Blomquist 5933 (D); Blomquist 
and Correll 2575 (D, GHG). Brunswick: Blomquist 5935 (P, D); Matthews (NC); 
McCarthy (U). Columbus: Leeds 1106 (NS); Schallert (POS, N, WV), 9405 (D). 
Craven: Kearney 1939, 1979 (U). Johnston: Deans (NC). Jones: Alexander 
(NC); Beaven 462 (D); McCarthy 84 (NC). Martin: Fisher (NS). Moore: 
Katzenstein (G). New Hanover: Vestal 36 (A); Deans (NC); Williams (U); 
Smith (U); Ashe 1010 (NC). Onslow: Alexander (NC); Randolph 994 (C, G). 
Pender: Wells (SC). Richmond: Jester (D, A). Wilson: Blomquist 7582 (D). 

Newfoundland to Florida, west to Minnesota and Mississippi. 


6a. Habenaria blephariglottis var. holopetala (Lindl.) A. Gray 

Similar to the species in size, having narrower and obsolete toothed 
petals; lip entire or slightly serrate. In sphagnum bogs. July- 
September. 


Mountain counties: Cherokee: Correll 3621 (D, HMD). Henderson: Camp- 
bell (NC). 

Distribution same as the species. 
6b. X Habenaria canbyi Ames 

(H. blephariglottis x H. cristata) 

Lip about 7 mm. long, deeply fringed; spur 12 mm. long; intermediate 
between the parent species in color and size of flowers (18). Acid bog. 
July. 


Mountain counties: Henderson: Correll 3357 (D). 
New Jersey, Delaware, and North Carolina. 


7. Habenaria cristata (Michx.) R. Br. Crested orchid 

(Blephariglottis cristata (Michx.) Raf.) 

In decidedly acid habitats along the edge of open bogs and in low 
moist open woods. June—September. 
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Mountain counties: Henderson: Campbell (NC); Holmes (NC); Smith 158 
(U, G); Correll 3361 (D, A, HMD). 

Piedmont counties: Forsyth: Schweinitz (NS); Denke (S). Wake: Ashe (U). 

Coastal Plain counties: Bladen: Leeds 1100 (NS); Blomquist 5938A (D); Ran- 
dolph 1046 (C, G); Heller (F); Blomquist and Correll 2572 (D). Chowan: Kearney 
1890 (U). Columbus: Schallert (POS, N), 5124 (D). Craven: Bilimore 4887a 
(P, U, G, N); Brown 16 (U); Kearney 1944, 1964 (U). Cumberland: Leeds 1099 
(NS). Dare: Abbe and Spalteholz (C). Duplin: Wherry and Trudell (HMD). 
Edgecombe: Alexander (NC). Halifax: — (HMD). Johnston: Deans (NC); 
Blomquist and Correll 4770 (D). Jones: Beaven 460 (D, GHG). Lenoir: Ran- 
dolph 789 (C). Martin: Fisher (NS). Moore: Wicker (NC); Katzenstein (G). 
Nash: Blomquist 7552 (D). New Hanover: Wherry and Trudell (HMD); William- 
son (NS). Onslow: Alezander (NC). Pamlico: Randolph 888 (C). Pender: 
Leeds 1101 (NS). Richmond: Smith (D). Sampson: Wherry and Trudell 
(HMD). Wayne: Burlingame (BU). Wilson: Blomquist 7581 (D); Randolph 
720 (C, G). 

Massachusetts to Florida and Mississippi, west to Texas and Michigan. 


8. Habenaria ciliaris (L.) R. Br. Yellow fringed orchid 
(Blephariglottis ciliaris (L.) Rydb.) 
In peaty bogs, meadows, edge of dense woods, floodplain regions, 
thickets, dry open soil. July-September. 


Mountain counties: Ashe: Ashe (NC); Sudworth 107 (U). Avery: Biltmore 
489b (P, G, U, NC, N, NS, F, B), 489 (C); Gower 529 (POS); Rydberg 9477 (N); 
Standley and Bollman 9974 (U); Hall (B); Correll 3951(D). Burke: Blomquist and 
Correll 4703 (D); Correll 3901 (D, POS). Caldwell: Seymour 91 81 7(C). Che- 
rokee: Correll 3552 (D), 3605 (But, D), 3570 (D, HMD). Graham: Correll 3643 
(D, GHG). Haywood: — (A); Eliason (NC); Hall (B). Henderson: Smith 270 
(BU, U, G); Campbell (NC); Correll 3309, 3319 (D), 3335 (D, A). Jackson: Correll 
3486 (D). Macon: Beals (HMD); Coker (NC); Harbison (G); Harbison and Tot- 
ten (NC); Correll 3538 (D). Mitchell: Ashe (N); Correll3885 (D, HMD, A, MBD). 
Polk: Peattie 1075 (NC). Swain: Beardslee and Kofoid (N, T, U, G, WV, B, F); 
Correll 3711 (D, GHG), 3760 (D). Transylvania: Rydberg 9500 (U, N, NS); Smith 
269 (U); Blomquist 5936 (D); Correll 3370 (D). Watauga: Carter (P); Sudworth 
47 (U); Durand (C); Heller (F). Yancey: Leeds 1186 (NS); Abbe and Spaltehoiz 
(C); Correll 3880 (D). 

Piedmont counties: Forsyth: Schweinitz (NS); Chitty (D); Denke (S). Or- 
ange: Totten (NC); Holland 3422 (NC). Polk: Townsend (U, C). Richmond: 
Jester (D); Smith (D). Rowan: Small (F). Stanly: Small and Heller (N, F). 
Surry: Schallert 1016 (D). Wake: Miller (NC). 

Coastal Plain counties: Bladen: Randolph 1045 (C, G); Blomquist 5938 (D). 
Brunswick: Matthews (NC); Munter (G); Blomquist 5934, 5937 (D). Carteret: 
Lewis 97 (N). Columbus: Schallert (POS, N). Johnston: Deans (NC); Ashe 
(N, NC). Jones: Beaven458(D). Martin: Fisher (NS). Moore: Wicker (NC); 
Katzenstein (G). Nash: Blomquist 7553, 7568 (D). New Hanover: Macfarlane 
and Nakahara (P); Vestal 40 (A); Williamson (NS); Williams (U); Smith (U). 
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Onslow: Ashe (NC). Pender: Blomquist 5923 (D). Richmond: Jester (D); 
Smith (D). Scotland: Smith (D). Wayne: Burlingame (BU). 

Ontario, Vermont, and Massachusetts, to Florida and Mississippi, west to 
Texas and Michigan. 


9. Habenaria integra (Nutt.) Spreng. Yellow fringeless orchid 
(Gymnadeniopsis integra (Nutt.) Rydb.) 
In open moist pinelands and in open decidedly acid boglands of 
sphagnum or rotting wood. July-August. 


Piedmont counties: Forsyth: Schweinitz (NS). Rowan: Small (F). 
Coastal Plain counties: Brunswick: McCarthy (N). Martin: Fisher (NS). 
New Jersey to Florida, west to Tennessee and Texas. 


10. Habenaria nivea (Nutt.) Spreng. Snowy orchid 
(Gymnadeniopsis nivea (Nutt.) Rydb.) 
In swamps and low pinelands, and in wet open acid bogs. June- 
August. 


Coastal Plain counties: Beaufort: Correll 1690 (D, A). Bladen: Leeds 1098 
(NS); Randolph 1047 (C, G); Blomquist and Correll 2571 (D, HMD). Columbus: 
Schallert (POS); Wiegand and Manning 906 (C, G); Heller (F). New Hanover: 
Trudell (NS); MacElwee (NS); Williamson (NS); Biltmore 5202a (U, G). Pender: 
McCarthy (U); Wells (SC). 

New Jersey and Delaware to Florida, west to Arkansas and Texas. 


11. Habenaria orbiculata (Pursh.) Nutt. Large round-leaved orchid 
(Lysias orbiculata (Pursh.) Rydb.) 
In rich damp wooded ravines on mountain sides, acid habitats, July- 
August. 


Mountain counties: Ashe: Ashe (NC). Mitchell: Wetherby 148 (N). Wa- 
tauga: Small and Heller (P, N); Huger (N); Gray (N). 

Piedmont counties: Stokes: Denke (D). 

Labrador and Newfoundland to the mountains of South Carolina, west to 
Alaska, Washington, and British Columbia. 


12. Habenaria flava (L.) R. Br. Tubercled orchid 
(Perularia flava (L.) Farwell; P. scutellata (Nutt.) Small in part; 
P. bidentata (Ell.) Small in part) 
In wet grassy places and moist thickets in alluvial deposits, mountain 
bogs and low moist woods. June—September. 
Mountain counties: Buncombe: Biltmore 1218 (U, C), 1218b (P, T, NS, N, U, 


NC, G, F). Cherokee: Schweinitz (NS). Haywood: Blomquist 5942, 5943 (D). 
Jackson: Thazter (G). Macon: Blomquist 5941 (U). 
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Piedmont counties: Forsyth: Schweinitz (NS); Chitty (D); Denke (D); Lehman 
(S). 

Coastal Plain counties: Johnston: Deans (NC). Nash: Oosting 35578 (D). 
Wilson: Wherry (N). 

Nova Scotia to Florida, along the Gulf Coast to Texas, westward to Minnesota, 
Illinois, and Missouri. 


13. Habenaria clavellata (Michx.) Spreng. Little club-spur orchid 
(Gymnadeniopsis clavellata (Michx.) Rydb.) 
On the edge of streams in densely wooded areas, in sheltered sphag- 
num bogs, moist thickets, and swamps where moderately acid condi- 
tions exist. July—August. 


Mountain counties: Ashe: Correll 3968 (D). Avery: Correll 3928 (D). Bun- 
combe: Peattie 951 (NC); Standley and Bollman 10145 (U); Biltmore 490a (U, G); 
Correll 3831, 3848, 3860 (D). Burke: Correll 3913 (D). Cherokee: Schweiniiz 
(NS); Correll 3555 (D). Graham: Correll 3646 (D). Haywood: Blomquist 5939 
(D); Correll 3791 (D). Henderson: Wiegand and Manning 896 (C, G); Correll 
3251, 3362 (D). Jackson: Ashe (NC); Blomquist 5946 (D); Thazter (G); Correll 
3493 (D). Macon: Coker and Holland (NC); Coker and Harbison et al (NC); 
Underwood et al 2779 (T); Buckley (N). Mitchell: Wetherby (HMD); Ashe (NC); 
Correll 3888 (D, GHG). Polk: Peattie 978 (F), 1041 (NC). Swain: Beardslee and 
Kofoid (F, N); Oosting 35441 (D); Correll 3767 (D), 3713 (D, A, But, MBD, POS). 
Transylvania: House 3655 (G), 4376 (U); Correll 3391 (D), 3414 (D, HMD). Wa- 
tauga: Carter (P); Heller (N, NS); Robinson 143 (G); Hulst (B). 

Piedmont counties: Burke: Correll 3087 (D). Caldwell: Randolph 1125 (C, 
G). Caswell: Ashe (NC). Cleveland: Correll 3001 (D). Durham: Correll 
4723 (D). Forsyth: Schweinitz (NS); Denke (D, S); Correll 2652(D). McDowell: 
Correll 3171 (D, HMD). Moore: Blankniship 338 (A). Orange: Alexander 
(NC). Polk: Townsend (C, U). Warren: Scholz (NC). 

Coastal Plain counties: Brunswick: Blomquist and Correll 4880 (D). Halifax: 
Williamson (NS). Harnett: Blomquist and Correll 2573 (D). Johnston: Blom- 
quist and Correll 4768 (D). Nash: Blomquist et al 7577 (D). Pamlico: Oosting 
33214 (D). Sampson: Wherry and Trudell (HMD). Wilson: Oosting 35585 (D). 

Newfoundland to Florida, west to the Mississippi Valley, Minnesota, to 
Louisiana. 


14. Habenaria bracteata (Willd.) R. Br. Bracted orchid 
(Coeoglossum bracteatum (Willd.) -Parl.) 
Damp woods and thickets. May-June. 


Mountain counties: Mitchell: Ashe (NC). 
Piedmont counties: Denke (D). 
Nova Scotia to North Carolina, west to Alaska, British Columbia, and Wash- 


ington. 
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4. POGONIA Juss. CREST LIP 


1. Lip not lobed, at most lacerate-toothed, less than 2 cm. long; sepals and petals 
alike; flowers pale-rose to white; leaf 1, arising near middle of the stem, lance- 
ovate; a leafy bract at summit of stem........ .......1. P. ophioglossoides 

1. Lip 3-lobed, slightly fimbriate along the margin ; 

2. Leaves 5-6 in a whorl at summit of stem, ovate, 2-5 cm. long, becoming larger 

as the erect fruit matures; sepals linear conduplicate, unlike the petals 
3. Sepals 5 em. long; lip 2.5 em. long, linear, partly papillose, with crest down 
middle; flower solitary, distinctly pedicelled.............2. P. verticillata 
3. Sepals about 2.5 cm. long, about the length of the petals, somewhat narrowed 
toward the base; lip crested over the entire face and on the middle of the 
lateral lobes; flower 1, often 2, essentially sessile............3. P. affinis 

2. Leaves 1-several, not whorled, alternate 

4. Leaf solitary, rarely 2, arising near the middle of the stem, usually more than 
2 cm. long; a leafy bract at summit of stem; flower 1, rarely 2; lip more than 
WE I 5 Se ace ra ined eae amore ye exer »rreocessde 2. Conrtonta 
4. Stem leafy; leaves wide-oval, concave, clasping the stem, less than 2 cm. 


long; flowers several, usually 3; lip less than 2 em. long 
5. P. trianthophora 


1. Pogonia ophioglossoides (L.) Ker. Rose pogonia 
In acid habitats, in wet open bogs, mossy tracts, and among sedges. 
May-June. 


Mountain counties: Haywood: Ruth (T). Henderson: Biltmore 11028 (U); 
Correll, Blomquist, and Garren 5117 (D). Mitchell: Ashe (N). 

Piedmont counties: Forsyth: Schweinitz (NS); Lehman (D); Denke (S); 
Schallert (S). Wake: Coit (SC). 

Coastal Plain counties: Bladen: Biltmore 1369 (U, C); Ashe 347¢ (NC); Blom- 
quist and Correll 399 (D), 400 (D, HMD, GHG, A). Brunswick: Ashe (NC); 
Billings (D); Leeds 1151 (NS). Columbus: Schallert (POS). Currituck: Britton 
and Small (N). Johnston: Mitchell (D). Martin: Fisher (NS). Moore: Meritte 
(L). New Hanover: Ashe (NC). Pamlico: Correll 1493 (D). Wayne: 
Matthews (NC). Wilson: Blomquist 7710 (D). 

Newfoundland and New England to Florida and the Gulf States, west to Texas 
and Minnesota. 


2. Pogonia verticillata (Willd.) Nutt. Large whorled pogonia 
(Isotria verticillata (Willd.) Raf.) 
In strongly acid soil on moist slopes in deciduous woods. April—July. 


Mountain counties: Ashe: Ashe (NC). Buncombe: Williamson (NS); Bilt- 
more 1246 (U, C), 1246b (N, U, G, F); Martin (C). Caldwell: Small and Heller 
(C, F). Haywood: Blomquist 5954 (D). Henderson: Huger (N); Campbell 
(NC); Garren 230 (D). Watauga: Livingston (N). Yancey: Correll 3870 (D, 
HMD, A). 

Piedmont counties: Cleveland: Correll 3000 (D). Forsyth: Lehman (D, 8). 
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Guilford: Mitchell (D). Polk: Peattie1083(NC,F). Surry: Rusby(N). Wake: 
Kramer (D). 

Coastal Plain counties: Johnston: Mitchell (D). 

New England to Florida and Louisiana, west to Texas, Arkansas, and Wis- 
consin. 


3. Pogonia affinis C. F. Austin. Small whorled pogonia 
On wooded slopes along stream banks. May-June. 


Piedmont counties: Surry: Douglas (NC). 
Erratically distributed in New England, New York, Pennsylvania, New Jersey, 
Maryland, Virginia, and North Carolina. 


4. Pogonia divaricata (L.) R. Br. Spreading pogonia 

(Cleistes divaricata (L.) Ames) 

In strongly acid situations in swamps, meadows, and on wooded 
hillsides and mountain tops. May-July. 


Mountain counties: Burke: Gray et al (NS, F). Henderson: Wherry (HMD); 
Shoolbred (N); Correll 3301B (D). Madison: Oosting 35332 (D); Churchill (T). 
Mitchell: Wetherby 61 (U). Polk: Wheeler (NS); Millspaugh (F). Watauga: 
Small and Heller (C, U). 

Piedmont counties: Burke: Small and Heller (P, HMD, N, NS, B, F). Cald- 
well: Small and Heller (F). Catawba: Small and Heller (F). Iredell: Hyams 
(U). Wake: Lynn (D). 

Coastal Plain counties: Brunswick: Blomquist and Correll 444 (D); Correli et 
al588 (D). Columbus: Schallert (POS). Craven: Croom and Loomis(N). Cum- 
berland: Schweinitz (NS).. Duplin: Mathews (NC). Harnett: Correll 2536 (D). 
Martin: Fisher (NS). New Hanover: Burk (P); Bartram (NS). Onslow: Mol- 
denke 1246 (P, D, N). 

New Jersey and Delaware, south to Florida and Alabama, west to Kentucky. 


5. Pogonia trianthophora (Sw.) BSP Nodding pogonia 

(P. pendula Lindl.; Triphora trianthophora (Sw.) Rydb.) 

In damp rich woods, thickets, or in evergreen forests in neutral to 
slightly acid soil. July-September. 


Mountain counties: Buncombe: Beals (A, HMD); Correll 3845 (D, POS). 
Burke: Alexander (NC). Haywood: Smith (F, NS, U, G); Coker (NC); Ruth 
430 (G). Henderson: Memminger (N); Campbell (NC); Holmes (NC); Wiegand 
and Manning 920 (C). Jackson: Williamson (N, NS). McDowell: Leeds 1148 
(NS). Macon: Coker et al (NC). Mitchell: Wetherby (HMD). Polk: Peattie 
1511 (NC). Swain: Beardslee and Kofoid (A, N, G, WV, F); Hulst (B). Transyl- 
vania: Emory (A); Wherry (HMD); Slosson (G); Correll 3409, 3425 (D), 3434 (D, A, 
GHG, HMD). Watauga: Durand (C); Yancey: Biltmore 781b (N, U, G); Hall 
(B). 

Piedmont counties: Forsyth: Denke (D); Schuman (8S). Polk: Townsend 
(U, C). 

Maine to Florida and Alabama, west to Wisconsin and Missouri. 
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5. ARETHUSA (GRONOV.) L. ARETHUSA 


1. Arethusa bulbosa L. Bog arethusa 
In acid sphagnum bogs. May-June. 


Mountain counties: Henderson: Campbell (NC); Shoolbred (N). Transyl- 
vania: Huger (N). 

Piedmont counties: Forsyth: Schweinitz (NS). 

Newfoundland to mountains of South Carolina, west to Minnesota and Wis- 
consin. 


6. SPIRANTHES RICH. LADIES’ TRESSES 
(Ibidium Salisb.; Gyrostachys Pers.) 


The genus may be distinguished by the arrangement of the small, 
white, yellowish or greenish white flowers in a more or less spirally 
twisted raceme, often merely secund; lateral lanceolate sepals free to 
the base, not decurrent on the ovary; upper sepal united with the oblong 
petals; lip short-stalked, with a callus protuberant (callosity) within 
on each side of the base. 

According to Ames (4), “Spiranthes is the most perplexing orchid 
genus in our flora. It is the least understood and the one that fur- 
nishes to authors who grow impatient under the restraints imposed by 
cautious progress, the best opportunities for the multiplication of 
species. It is a genus that repays intensive observation in the field 
and prolonged contemplation in the herbarium.”’ 


1. Lip less than 5 mm. long 
2. Raceme densely flowered in several ranks, not conspicuously twisted, oval in 
appearance; lip ovate, sometimes constricted above the middle, about 4mm. 
long; callosities slender, elongated, strongly curved; leaves persistent, 
radical and caudicle, linear, acute, less than 10 cm. long; flowers small, 
A I ots s ven cepacia cht oe dsb eset ens 1. S. ovalis 
2. Raceme loosely flowered, in single rank, spirally twisted, often secund; 
leaves fugacious, when present basal, small, ovate, elliptic 
3. Lip white, quadrate, flared at apex, crisped, 2-3 mm. long; root solitary (the 
remains of last year’s tuber often persisting)................ 2. S. Beckii 
3. Lip medially colored, 3-4 mm. long; roots fasciculate 
4. Lip medially yellow, ovate to ovate-oblong, slightly constricted above the 
middle, flared and crisped at the apex; callosities slender; flowers opening 
yo a eee 3. S. floridanum 
4. Lip medially green, oblong-quadrate, with a crisped white margin; callosi- 
ties stout; flowers opening in summer and fall, June-September 
4. S. gracilis 
1. Lip 5 mm. long or more 
5. Raceme loosely flowered in single rank, merely secund or spirally twisted; 
leaves persistent or fugacious 
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6. Lip 8-9 mm. long, broadly rhombic at base, 4-5 mm. wide, tapering to the 
obtuse tip, wavy on the margin, crisped above base, recurved near apex; 
flowers secund in a single straight or scarcely spiral row, horizontal; bracts 
ovate, acute, scarcely longer than the ovaries, smooth, glabrous; basal 
leaves wanting during anthesis; flowering in the fall, September-Novem- 
ae eae ee ee ee ee ree 5. S. longilabris 

6. Lip 5-8 mm. long; flowering in the spring or early summer, April—July 

7. Lip oblong, often flared and broadest at the distal end, smooth beneath, 
thinnish, the veins prominent, 6-8 mm. long; flowers white, often veined 
with green; leaves mostly fugacious....................... 6. S. praecoz 

7. Lip ovate to ovate-oblong, broadest in front of the callosities, pubescent 
beneath, more opaque and thicker, with nerves showing less distinctly 
than in the preceding species, 5-7 mm. long; linear-lanceolate leaves 
NN io sie since os oad cslad tad xsaure eins weer 7. S. vernalis 

5. Raceme densely flowered in 2-several ranks (rarely 1-ranked in S. cernua), the 
rachis not conspicuously twisted; leaves persistent 

8. Lip 9-11 mm. long, basal half dilated, rhomboidal, tapering to the obtuse 
apex, often broadly ovate to broadly cuneate, callosities prominent; flowers 
cream-colored, often marked with green, fragrant; leaves extending up 
| ere veda Meanas ie ait ah 5 8 errr, 

8. Lip 7-10 mm. long, ovate-oblong, usually constricted about the middle and 
flared at the apex; flowers white, slightly downy, nodding perceptibly; 
leaves mostly radical............. basal a ebctive ema sia dora eateries 9. S. cernua 


1. Spiranthes ovalis Lindl. Oval ladies’ tresses Plate 15, f. 1 
(Ibidium ovale (Lindl.) House) 
In moist shady woods and on the edge of thickets, on wooded hills. 
September—October. 


Piedmont counties: Durham: Correll 4751, 4754 (D). Orange: Barksdale 
(NC). 

North Carolina to Georgia, westward to Texas, up the Mississippi Valley to 
Illinois. 


2. Spiranthes Beckit Lindl. Little ladies’ tresses. Plate 15, f. 2 
(Gyrostachys simplex (A. Gray) Kuntze; Ibidium Beckii (Lindl.) 
House) 
In dry soil in fields and open woods, acid habitats. June—September. 


Mountain counties: Cherokee: Correll 3553B (D). Graham: Correll 3640A (D). 
Swain: Beardslee and Kofoid (N, C, F). 

Piedmont counties: Durham: Latham (D); Correll 4656, 4755A (D), 4656A 
(D, A). Forsyth: Schallert 1300 (D); Correll (D). Iredell: Blomquist and Cor- 
rell 4670 (D). McDowell: Blomquist and Correll 4672 (D, HMD,GHG). Orange: 
Reasoner (NC); Alexander (NC); Ashe 553 (NC); Correll 4725 (D), 4742 (D, MBD). 
Randolph: Barksdale (NC). Rowan: Small and Heller (F). Stokes: Schallert 
8136 (POS). 
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Coastal Plain counties: Beaufort: Correll 1561A, 1704A (D). Camden: Correll 
2216A (D). New Hanover: Williamson (NS). Pamlico: Correll 1492A, 1502A 
(D). Richmond: Wiegand’ and Manning 911 (C, G). Sampson: Wherry and 
Trudell (HMD). Tyrrell: Correll 1895A (D). Washington: Correll 1901A (D, 
POS). 

Massachusetts to Florida and Texas, up the Mississippi Valley to Arkansas and 
Kentucky. 


3. Spiranthes floridanum (Wherry) comb. nov. Florida ladies’ tresses 
(Ibidium floridanum Wherry) Plate 15, f. 3. 
Savannah land. May. 


Coastal Plain counties: Pender: Wells (D, SC). 
Coastal Plain, North Carolina, to Florida and east Texas. 


4. Spiranthes gracilis (Bigel.) Beck Slender ladies’ tresses 

(Ibidium gracile (Bigel.) House) Plate 15, f. 4 

In dry, moderately acid soil, grassy fields, open woods, and on beach 
lands along the coast. June—September. 


Mountain counties: Ashe: Correll 4035 (D). Burke: Alerander (NC). Cald- 
well: Small and Heller (F). Cherokee: Correll 3622, 3637 (D), 3553 (D, POS). 
Graham: Correll 3640, 3682 (D). Haywood: Standley 5739 (U); Hall (B); Hall 
509 (U). Henderson: Holmes (NC); Correll 3340 (D). Jackson: Correll 3488, 
3488A (D). McDowell: Standley and Bollman 10110 (U). Mitchell: Wetherby 
(HMD). Polk: Peattie 11093} (NC). Swain: Beardslee and Kofoid (N, C); 
Wright et al.234(C). Transylvania: House 4015 (G). Watauga: Durand (C). 

Piedmont counties: Caldwell: Randolph 1064 (C). Durham: Latham (D); 
Correll 4657, 4753 (D). Forsyth: Schweinitz (NS); Lehman (S); Correll 4094 (D). 
Orange: Reasoner (NC). Polk: Townsend (C, U). Randolph: Barksdale (NC). 
Rowan: Heller (NS); Small and Heller (F). Warren: Scholz (NC). 

Coastal Plain counties: Beaufort: Brues (A); Correll 1704 (D, A, MBD), 1561, 
1579 (D). Bertie: Correll 1958 (D). Camden: Correll 2216, 2217 (D). Chowan: 
Wiegand and Manning 913 (G); Correll 2018 (D). Cumberland: Schallert (POS). 
Currituck: Correll 2616 (D). Johnston: Smith (NC). Pamlico: Correll 1492, 
1502 (D). Pasquotank: Correll 2085 (D). Tyrrell: Correll 1895 (D, A, HMD, 
GHG). Washington: Correll 1901 (D, But). 

Nova Scotia to Georgia and Louisiana, west to Texas and Manitoba. 


5. Spiranthes longilabris Lindl. Long-lipped ladies’ tresses 
(Ibidium longilabre (Lindl.) House) Plate 15, f. 5 
Open savannah land in the coastal plain. October. 


Coastal Plain counties: Pender: Wells (SC, D). 
North Carolina to Florida, Mississippi, and Louisiana. 











160 JOURNAL OF THE MITCHELL SOCIETY [July 


6. Spiranthes praecoxr (Walt.) S. Wats. and Coult. Giant ladies’ 
tresses 
(Ibidium praecox (Walt.) House; Gyrostachys praecox (Walt.) Kuntze) 


Plate 15, f. 6 
In wet grassy bogs and low moist meadows and marshes. May- 


August. 


Piedmont counties: Anson: Correll 1040 (D). Person: Oosting 33335A (D). 

Coastal Plain counties: Beaufort: Correll 1560, 1676A, 1696A,1705B (D). Bla- 
den: Correll 402 (D). Brunswick: Leeds 1122 (NS); Correll 445A, 587A, 456 (D). 
Camden: Correll 2065, 2218, 2219 (D). Carteret: Lewis 96 (N). Columbus: 
Schallert (D, POS). Craven: Correll 1473A (D, POS). Currituck: Correll 2131, 
2150, 2138A, 2139 (D). Dare: Correll 1738 (D, HMD, A, GHG). Greene: Cor- 
rell 1342 (D, A). Martin: Correll 1844A (D). Nash: Correll 2500 (D). New 
Hanover: Coville (U); Macfarlane (P); Williamson (NS). Pamlico: Correll 
1489, 1491, 1496 (D). Pender: Wells (SC). Richmond: Wherry (NS); Correll 
1111 (D). Scotland: Correll 1179 (D). Washington: Correll 1902 (D). 

New Jersey to Florida and Alabama, westward to Texas. 


7. Spiranthes vernalis Eng. and Gray Spring ladies’ tresses 

(Ibidium vernale (Eng. and Gray) House) Plate 15, f. 7 

In low pastures and meadows, bogs, marshes, swamps, and in open 
dry gravelly soil. May—August. 


Mountain counties: Ashe: Correll 4036 (D). Cherokee: Correll 3553A (D). 

Piedmont counties: Anson: Correll 1029 (D, POS). Cabarrus: Correll 851 
(D). Durham: Blomquist 7401 (D); Oosting 33132 (D). Granville: McCarthy 
(U). Orange: Coker and Totten (NC). Rowan: Heller (N). Stanly: Correll 
918 (D). Union: Correll 956, 990 (D), 999 (D, But.), 999A (D, GHG), 920 (D, 
HMD, A). Wake: Blomquist 3533 (D). 

Coastal Plain counties: Beaufort: Correll 1675, 1705, 1705A, 1696, 1706, 1706A, 
1627 (D), 1676 (D, MBD). Bertie: Correll 1953, 1984 (D). Brunswick: Wie- 
gand and Manning 915 (G); Correll 455 (D, HMD), 587, 2182A (D). Camden: 
Correll 2065A (D). Chowan: Wiegand and Manning 913 (C); Correll 2019, 2020 
(D). Craven: Correll 1473 (D), 1474 (D, A).. Currituck: Blomquist (D); Cor- 
rell 2130, 2137, 2181, 2131A, 2138, 2136, 2155 (D). Dare: Blomquist 7453 (D). 
Edgecombe: Correll 2434 (D). Gates: Correll 2241 (D). Greene: Correll 1341 
(D). Halifax: Williamson (NS). Martin: Correll 1844 (D). New Hanover: 
Wells (SC). Pamlico: Correll 1500, 1501, 1501A (D). Tyrrell: Correll 1894 (D). 

Massachusetts to Florida, west to Mexico, Illinois, and Missouri. 


7a. X Spiranthes intermedia Ames 
(S. gracilis x S. vernalis) 
Resembling S. vernalis but more slender throughout, 18-30 cm. tall; 
spike 3-7 em. long; lip 4.5 mm. long, elliptic-oblong, greenish with green, 
slender callosities, wavy-margined at distal end; floral bracts 5 mm. 
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long, ovate-lanceolate, strongly hyaline-margined, somewhat translu- 
cent; leaves mostly basal, linear-lanceolate, about 5 cm. long. In 
upland meadows and in dry meadows along the coast. July. 


Coastal Plain counties: Currituck: Correll 2138A, 2132 (D). 
Massachusetts and North Carolina. 


8. Spiranthes odorata (Nutt.) Lindl. Fragrant ladies’ tresses 
(Gyrostachys odorata (Nutt.) Kuntze) Plate 15, f. 8 
In low marshes and swamps, often growing in the water of flooded 
swamps in dense clumps because of its stoloniferous habit. October- 
November. 


Coastal Plain counties: Brunswick: Blomquist and Correll 4893 (D). Colum- 
bus: Reed 24, 121 (D); Blomquist and Correll 4897 (D, HMD, A, GHG). Craven: 
Loomy (N); McCarthy (NS). Currituck: McAtee 2933 (N). Halifax: Bartram 
(NS). 

Maryland and Virginia and along Gulf States to Texas. 


9. Spiranthes cernua (L.) Rich. Nodding ladies’ tresses 

(Ibidium cernuum (L.) House) Plate 15, f. 9 

In strongly acid soils in bogs, swamps, low meadows, and on the 
edge of low swampy woods. September—-November. 


Mountain counties: Ashe: Ashe (NC); Eggleston 4177 (U). Buncombe: Bilt- 
more 3517a (U, P,G,N); Ashe (NC). Haywood: Huger(N). Henderson: Camp- 
bell (NC). Jackson: Wherry and Pennell 14199 (NS). Yancey: Beals (HMD); 
Wherry and Pennell 14269 (NS). 

Piedmont counties: Durham: Reed 12 (D); Blomquist 5955 (D); Blomquist and 
Correll 4901 (D); Duncan (D); Correll 4913, 4909 (D). Forsyth: Denke (D, S); 
Lehman (D). Franklin: Oosting 34802 (D, HMD, GHG). Granville: Reed (D). 
Orange: Coker (NC). Randolph: Causey (NC); Barksdale (NC). Wake: Burl- 
ingame (BU). 

Coastal Plain counties: Brunswick: Wiegand and Manning 915 (C). Hertford: 
Wherry (P). Hoke: Schallert (POS). Johnston: Blomquist (D). Moore: Blom- 
quist 7641, 7642 (D, A.); Holland (NC); Meritie (L.). New Hanover: Schallert 
(D); Bartram (NS). 

Newfoundland to Florida, west to Texas, New Mexico, up the Mississippi Val- 
ley to Minnesota and South Dakota. 


9a. Spiranthes cernua var. ochroleuca (Rydb.) Ames 

To differentiate the variety from the species, Ames says: “There is 
only one sure guide that I have found satisfactory, namely, polyem- 
bryonic seeds for the species and normal seeds for the variety” (4). The 
variety grows in drier ground than the species, blooms somewhat 
later, and has longer floral bracts. The flowers are greenish, cream- 











162 JOURNAL OF THE MITCHELL SOCIETY [July 


colored, or white. In open dry forests or edge of woods. September- 
November. 


Piedmont counties: Randolph: Causey (NC). 
Maine, South Dakota to Georgia, and New Mexico. 


7. LISTERA R. BR. TWAYBLADE 
(Ophrys L.) 


1. Lip with a tooth on each side at base 
2. Lip wide-ovate to round-cuneate, 7-9 mm. long, 7-10 mm. across apex, cleft 
at apex, toothed in the fork of the lobes; basal lateral teeth curved, oblong; 
leaves ovate-reniform or kidney-shaped, mucronate; flowers whitish, long- 
pedicelled; pedicels over 6 mm. long.. ; aa A. L. Smallit 
2. Lip narrowly oblong, 3-4 mm. long, cleft halfws ay to base, ‘lobes lance-linear; 
basal lateral teeth curved, horn-like; leaves round-ovate, somewhat heart- 
shaped; flowers purplish to yellowish green, cinema. pedicels less 
than 4 mm. long.. mony) S alreenee een 2. L. cordata 
1. Lip without basal teeth, lance- incor, 6- 121 mm. ‘long, cleft halfway to base, 
lobes linear-setaceous, acute; leaves wide-ovate; flowers reddish purple, 
slender-pedicelled; pedicels over 7 mm. long................3. L. australis 


1. Listera Smallii Wiegand Small’s twayblade, Kidney-leaved tway- 
blade 
(Listera reniformis Small; Ophrys Smallii (Wiegand) House) 
On moist wooded mountain slopes, or in damp shaded rhododendron 
thickets, in strongly acid habitats and often in wooded sphagnum bogs. 
June-July. 


Mountain counties: Alleghany: Correll 4072 (D). Avery: Trudell (NS); 
Leeds 1615 (NS); Correll 3943 (D). Buncombe: Harshberger 90 (P, NS); Standley 
and Bollman 10030 (U); Martin (C); Frank (N); Correll 3849 (D), 3832 (HMD, D, 
POS). Burke: Schum (P); Curtis (N); Gray et al. (NS). Haywood: Correll 
3789 (D). Jackson: Huger (HMD, N, D); Blomquist 5950 (D); Trentham (D); 
Ashe (NC). McDowell: LeRoy and Ruger (HMD); Peattie 954 (NC). Macon: 
Coker and Holland (NC); Boynton (U); Wright (C). Mitchell: Price (NS); Mer- 
riam (U); Wetherby 65 (U); Wetherby (HMD); Ashe (NC); Gray (G). Swain: 
Beardslee and Kofoid (F, N). Transylvania: House 3671 (G). Watauga: Small 
and Heller (P, BU, A, NS, F, U, N, C); Trudell (L, HMD, BU); Wherry (U); Sud- 
worth (U); Randolph 1182 (G,C). Yancey: Rydberg 9385 (N, U); Leeds 1196 (NS); 
Holmes (NC); Correll 3876 (D, GHG, A, But.). 

Pennsylvania to North Carolina in the mountains. 


2. Listera cordata (L.) R. Br. Heart-leaved twayblade 
High mountain regions, or mossy damp forest floors, particularly 
under evergreens, also in sphagnum bogs. June-July. 
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Collections: ‘‘North Carolina’: Chapman (U). ‘‘Collected in the mountains 
of North Carolina, foot of Black, June, 1872’’: LeRoy and Ruger (F). ‘‘In the 
mountains of Virginia and North Carolina, July, 1841’’: Gray and Carey (N). 

Newfoundland and Labrador to North Carolina, westward to the Pacific 
Coast, from Alaska to New Mexico. 


3. Listera australis Lindl. Southern twayblade 

Although North Carolina is within the range of this species, no 
specimens have been seen from the state. Curtis (13) includes it in 
his catalogue, and Wiegand cites tht species in his revision of the 
genus (22). Wood and McCarthy (23) reported it for New Hanover 
County, “July. Flowers small, greenish.” April—July. 


Ontario and Vermont to Florida and Louisiana, along the coastal plain region. 


8. GOODYERA R. BR. RATTLESNAKE PLANTAIN 


(Epipactis (Haller) Boehmer; Peramium Salisb.) 


Raceme loosely few-flowered, 1-sided, about 4.5 cm. long; lip saccate with an 
elongated tip, margin flared or recurved; flowers white tinged with green; leaves 
dark green; veins of leaf conspicuously bordered with white, confluent 

1. G. repens var. ophioides 

Raceme densely many-flowered, cylindrical, about 7 cm. long; lip strongly saccate 
with short blunt tip, margin not flared or recurved; flowers white; leaves bluish 
green; veins finely bounded with white, not confluent......... 2. G. pubescens 


1. Goodyera repens var. ophioides Fernald Lesser rattlesnake plantain 

(Peramium repens (L.) Salisb.; Peramium ophioides (Fernald) 
Rydb.; Epipactis repens var. ophioides (Fernald) A. A. Eaton) 

Trailing, stoloniferous, in dense mats of moss in damp cold woods, 
chiefly beneath evergreens, moderately acid habitat. June-August. 


Mountain counties: Avery: Seymour 9188 (C, G). Buncombe: Correll 3835 
(D, HMD, GHG, A). Haywood: Anderson 1449 (P); House 4490 (U). Madison: 
Ashe (NC). Swain: Beardslee and Kofoid (G). Watauga: Small and Heller 
(P, NS, U, F); Heller (N, NS); Durand (C). Yancey: Biltmore 5199a (N). 

Newfoundland and Nova Scotia to South Carolina, west to Manitoba, Michi- 
gan, and New Mexico. 


2. Goodyera pubescens R. Br. Downy rattlesnake plantain 
(Epipactis pubescens (Willd.) A. A. Eaton; Peramium pubescens 
(Willd.) MaeM.) 
Most abundant in dry or moist coniferous woods, rather common in 
deciduous woods, especially so beneath rhododendron thickets in the 
mountains. June—August. 
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Mountain counties: Alleghany: Correll 4066 (D). Ashe: Ashe (NC); Correll 
3962 (D). Avery: Jony Cat. 479 (U); Correll 3948 (D, MBD). Buncombe: Beals 
(HMD); Standley and Bollman 9984 (U); Correll 3838 (D, HMD), 215, 3809 (D). 
Burke: Correll 3898 (D, But.). Caldwell: Small and Heller (F). Haywood: 
Eliason (NC); Oosting 34573, 35293 (D); Correll 3809 (D). Henderson: Blomquist 
5932 (D); Oosting 35483 (D); Correll 3254, 3315 (D), 3290 (D, GHG). McDowell: 
Blomquist and Correll 4675 (D). Macon: Coker and Holland (NC). Mitchell: 
Wetherby (HMD); Correll 3891 (D). Polk: Peatiie 1068 (F, NC); Day (Da.); 
Correll 3212, 3254 (D). Rutherford: Abbe and Spalteholz (C); Hulst (B); Blom- 
quist and Correll 5109 (D). Transylvania: Correll 3429, 3433 (D). Watauga: 
Robinson 100 (A); Heller (NS, N); Huger (N); Randolph 1156 (C, G); Small and 
Heller (C). Yancey: Correll 3879 (D). 

Piedmont counties: Burke: Correll 3057 (D, POS). Catawba: Correll 2812 
(D, HMD, A). Chatham: Correll 714 (D). Cleveland: Correll 3002 (D). Dur- 
ham: Creaser (D); Correll 620, 2510, 3891, 4648 (D). Forsyth: Schallert (POS); 
Schweinitz (U); Lehman (S); Correll 2613, 4080 (D). Guilford: Matthews and Ward 
(NC); Schallert (D). Iredell: Blomquist and Correll 4671 (D). Montgomery: 
Correll 7040 (D). Orange: Wallace (NC); Webb (NC); Totten (NC); Couch (NC); 
Norton (U); Blomquist 5931 (D); Millsaps (NC); Abbe and Spalteholz (C); Correll 
4721 (D). Person: Oosting 33341 (D). Polk: Townsend 3 (C). Randolph: Cor- 
rell 664, 732 (D). Rutherford: Correll 3181 (D). Surry: Correll et al. 4948 (D). 
Warren: Scholz (NC). : 

Coastal Plain counties: Halifax: Williamson (NS). 

Newfoundland to Florida, west to Alabama and Minnesota. 


9. PONTHIEVA R. BR. PONTHIEU’S ORCHID 


1. Ponthieva racemosa (Walt.) C. Mohr. Ponthieu’s orchid 
On the edge of woodland streams and ponds, or on the edge of muddy 
sloughs. September—October. 


Coastal Plain counties: Brunswick: Oosting 33723 (D). Columbus: Gibbes 
(N). New Hanover: Wherry (N). 

Virginia to Florida and Alabama; also in the West Indies and Central and 
South America. 


10. MICROSTYLIS NUTT. ADDER’S MOUTH 
(Malazis Soland; Achroanthes Raf.) 


Leaf 1, ovate, close-sheathing, spreading about midway up scape, 2-6 cm. long; 
lip green below, 3-lobed at apex, middle lobe smaller than the lateral pair, 
minute; flowers green........ sina Ghani bcd. Wie laohis leg both? Ae A Sea aeRO ete 1, M. unifolia 

Leaves 2, broad-ovate, sheathing scape at base, nearly opposite, 3-10 cm. long; 
lip brownish green above, 3-lobed at apex, lateral lobes shorter than the broad, 
blunt middle lobe; flowers green with orange or vermilion markings 

2. M. spicata 
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1. Microstylis unifolia (Michx.) BSP. Green adder’s mouth 
(Microstylis ophioglossoides Nutt.; Malazis unifolia (Michx.) BSP.; 
Achroanthes unifolia (Michx.) Raf.) 
In low moist acid soil and humus. June-August. 


Mountain counties: Buncombe: Forester (N); MacElwee (NS); Schallert (D); 
Williamson (NS); Robinson 64 (G); Hall (B). Burke: Heller (P, NS); Small and 
Heller (U). Caldwell: Small and Heller (NS). Cherokee: Correll 3604 (D, 
GHG). Clay: Oosting 34590 (D). Henderson: Correll 3252, 3301A (D); A. B. A. 
(N). Jackson: Correll 3492 (D). Macon: Smith (U). Mitchell: Wetherby 
(HMD); Correll 3895 (D); Ashe 13827 (NC). Polk: Peattie 1076 (NC). Swain: 
Wright etal. 207 (C). Transylvania: House 3640 (G); Oosting 36115 (D); Correll 
3413 (D). Watauga: Heller (N); Ashe (NC); Robinson (G); Durand (C); Small 
and Heller (F). Yancey: Leeds 1200 (NS); Correll 3878 (D). 

Piedmont counties: Durham: Billings (D); Correll 4759, 4950 (D). Forsyth: 
Schweinitz (NS). Lee: Totten (NC); Wright et al. 208 (C); Correll 6969 (D). 
Moore: Correll 6998 (D). 

Coastal Plain Counties: Beaufort: Blomquist 5951 (D). Bertie: Lay (NC). 
Bladen: Fraser (N). Johnston: Deans (NC); Mitchell (D). Onslow: Ashe 
(NC). 

Newfoundland to Georgia, west to Manitoba, Louisiana, Wisconsin, and 
Illinois. 


2. Microstylis spicata Lindl. Florida adder’s mouth 
(Malazis spicata Sw.) 

So far as the writer has been able to determine, no specimen exists 
and no report has been made concerning the occurrence of this orchid 
in North Carolina. Small gives the range from Florida to Virginia, 
where it occurs in the coastal plain. He says the species grows in “low 
or wet hammocks, and stream banks, often in calcareous soil” (20). 
May-July. 


11. LIPARIS L. C. RICH. FALSE TWAYBLADE 


Lip oblong-spatulate or obovate, 5 mm. long, about 4mm. wide, abruptly pointed, 


SN Gila din xx cuban. cd bi gitadronertemeu nite ease wee arabes 1. L. Loeseltt 
Lip broadly wedge-ovate, 10 mm. long or more, 7 mm. wide, mucronate, translu- 
II sv es dee args a temtnaarornesans 2. L. liliifolia 


1. Liparis Loeselit (L.) L. C. Rich. Loesel’s Twayblade 

Wet rocky soil and on cliffs in mountain woods, moist thickets and 
swampy soil. May-July. 

Mountain counties: Rutherford: Barksdale (NC, D). 


Maritime Provinces to District of Columbia, also mountains of North Carolina, 
west to Indiana, Wisconsin, and Minnesota. 
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2. Liparis liliifolia (L.) L. C. Rich. Lily-leaved twayblade 
Low moist floodplain woods and in thickets along streams, or on 
rocky sandy soil on moist wooded slopes. May-July. 


Mountain counties: Ashe: Ashe (NC). Avery: Correll 3942 (D). Buncombe: 
Beals (HMD); Harshberger (P); Forster (N); Biltmore 566b (N); Correll 3847 (D). 
Burke: Oosting 365a (D); Correll 3915 (D). Caldwell: Small and Heller (F). 
Graham: Correll 3678 (D). Haywood: House 4491 (U); Blomquist 5949 (D). 
Henderson: Campbell (NC). Jackson: Williamson (NS); Thazter (U, G). Me- 
Dowell: LeRoy and Ruger (HMD). Macon: Leeds 1113 (NS); Buckley (N). 
Mitchell: Huger (N); Wetherby 147 (U); Ashe (NC). Swain: Wright et al. 205 
(C). Transylvania: House 4272 (U). 

Piedmont counties: Durham: Correll 547 (D, GHG). Forsyth: Schweinitz 
(NS); Denke (D). Granville: Correll 470 (D). Orange: Couch (NC); Correll 
310 (D); Mathews (NC). Surry: Rusby (N). 

Maine to Georgia and Alabama, west to Iowa, Missouri, Minnesota, Illinois. 
and Ohio. 


12. CORALLORRHIZA (HALLER) R. BR. CORAL ROOT. 
1. Lip 3-lobed. 
2. Lip 3-4 mm. long, shallow lateral lobes below middle, middle “ ovate, 
white, not spotted; spur obsolete......... 6 ce boc . C. trifida 
. Lip 6-8 mm. long, distinctly hastately- lobed near base, middle ai rounded 


at apex, suborbicular, purple blotches on face; spur rather prominent 
2. C. maculata 


1. Lip not 3-lobed, at most notched, eroded or wavy along margin 
3. Lip 4 mm. long, 5 mm. wide, eroded on the margin, broadly rounded, abruptly 


contracted at the base, white, spotted with magenta-crimson 
3. C. odontorhiza 


3. Lip 5-6 mm. long, 4-5 mm. wide, oval or suborbicular, notched at apex, margin 
entire or denticulate, white with purple spots.............4. C. Wisteriana 


1. Corallorrhiza trifida Chatelain. Early coral root 

(Corallorrhiza innata R. Br.) 

No specimen of this species from North Carolina has been seen, al- 
though the state is perhaps within its range. Memminger (16) in- 
cluded this species under the name C. Corallorrhiza (L.) Karst. in his 
list of Henderson County plants, and Curtis (13) catalogued it as C. 
innata R. Br. He gave its range as upland (mountain) districts. 
May-July. 


Newfoundland and New England to North Carolina (?), west to Alaska, Wash- 
ington, British Columbia, and Oregon. 


2. Corallorrhiza maculata Raf. Spotted coral root 
(Corallorrhiza multiflora Nutt.) 
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In rich decaying humus in upland deciduous woods and along shaded 
stream banks, in slightly acid habitats. July-August. 


Mountain counties: Ashe: Correll 4044 (D). Avery: Robinson (G); Correll 
3950 (D). Buncombe: Correll et al. 3850 (D). Burke: Correll3897 (D). Hay- 
wood: Standley 5392 (U). Mitchell: Wetherby (HMD). Swain: Hulst (B). 
Watauga: Heller (N). Yancey: Correll 3877 (D). 

Piedmont counties: Forsyth: Lehman (8). 

Newfoundland to Florida, west to Texas, California, and British Columbia. 


3. Corallorrhiza odontorhiza (Willd.) Nutt. Autumn coral root 
Moderately acid conditions in coniferous or deciduous woods, dry 
or moist soil, on slopes or in floodplain regions. August—October. 


Mountain counties: Avery: Robinson (G). Buncombe: Beals (HMD): Bilt- 
more 305 (U). Burke: Blomquist and Correll 4701 (D). Haywood: Standley 
5587a (U). Henderson: Campbell (NC); Shoolbred (N). Jackson: Huger (N); 
Williamson (N, NS). McDowell: Blomquist and Correll 4676 (D, HMD). Madi- 
son: Wherry and Pennell 14260 (NS). Mitchell: Wetherby (HMD). Polk: 
Peattie 1489 (NC). Swain: Beardslee and Kofoid (N, C, G, F); Hulst (B). Wa- 
tauga: Durand (C). 

Piedmont counties: Durham: Latham (D); Correll 4739, 4745, 4949, 4650 (D), 
4747 (D, HMD), 7450 (D, GHG), 4755 (D, POS). Forsyth: Schallert (S, POS); 
Schweinitz (NS). Mecklenburg: Gray (WV). Moore: Correll 6987 (D). Or- 
ange: Totten (NC); Coker (NC); Ward (NC); Matthews (NC); Barksdale (NC); 
Oosting 35629 (D); Correll 4731, 4904, 4741 (D), 4915 (D, A). Polk: Townsend 
(C). Wake: Wells (SC). 

Coastal Plain counties: Beaufort: Blomquist 7956 (D). Richmond: Correll 
7156 (D). Scotland: Correll 7171A (D). 

Maine to Florida, west to Texas and Michigan. 


4. Corallorrhiza Wisteriana Conrad Wister’s coral root 
On damp rich wood floors and ravine slopes. April-May. 


Coastal Plain counties: Halifax: Williamson (NS). 
Pennsylvania to Florida, west to Texas, Missouri, and Indiana. 


13. TIPULARIA LINDL. CRANE-FLY ORCHID 


1. Tipularia discolor (Pursh.) Nutt. 
(Tipularia unifolia (Muhl.) BSP.) 
Rich damp woods and along shaded banks of streams, moderately 


acid soil. July-September. 


Mountain counties: Alleghany: Correll 4073 (D). Buncombe: Correll 3837 
(D, POS). Burke: Heller (F, P, N, NS); Blomquist and Correll 4700 (D). Chero- 
kee: Leeds 1162 (NS); Schweinitz (NS). Graham: Correll 3669 (D). Haywood: 
Holmes (NC). Henderson: Campbell (NC); Correll 3316 (D); Memminger (NC). 
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Polk: Day (Da.); Peattie 987 (NC), 1030 (G); Correll 3190(D). Rutherford: 
Biltmore 1041a (N); Townsend (U, C). Yancey: Leeds 1202 (NS). 

Piedmont counties: Anson: Correll 7093 (D). Burke: Correll 3056, 3100 (D). 
Caldwell: Randolph 1083 (C). Catawba: Correll 2931 (D). Cleveland: Correll 
3004 (D). Davie: Blomquist and Correll 4668 (D). Durham: Blomquist 5956, 
7534 (D); Oosting 33238 (D); W.B.D. 25 (D); Correll 4652 (D, But.), 4749, 4730, 
4960 (D). Forsyth: Schallert (POS, N); Schweinitz (NS); Correll 4095 (D, HMD, 
GHG, A). Franklin: Oosting 35623 (D). Gaston: Correll 2945 (D). Granville: 
Correll (D). Guilford: Schallert (D). Iredell: Blomquist and Correll 4669 (D). 
McDowell: Blomquist and Correll 4673 (D). Mecklenburg: Abbe and Spalteholz 
(C); Correll 3005 (D). Montgomery: Correll 7041 (D). Moore: Correll 7005 
(D). Orange: Totten (NC); Alexander (NC); Webb (NC); Millsaps (NC); Wal- 
lace (NC); Oosting 33255 (D); Correll 4740 (D), 4908 (D, HMD, GHG). Rowan: 
Correll 2803 (D). Rutherford: Correll 3177 (D). Stanly: Small and Heller (N, 
F). Union: Correll 7075 (D). Warren: Scholz (NC). 

Coastal Plain counties: Halifax: Williamson (NS, N); Bartram (NS). Johns- 
ton: Deans (NC). Washington: Blount (NC). 

New Jersey and Delaware to Florida and the Gulf States, west to Ohio and 
Indiana. 


14. EPIDENDRUM L. TREE ORCHIDS 
(Amphiglottis Salisb.) 


1. Epidendrum conopseum R. Br. Green-fly orchid, Florida epidendrum 
(Amphiglottis conopsea (Ait.) Small) 
In swamps and marshy areas, mostly on sweet gum (12) and tupelo 
gum trees; farther south it has been found on live oaks, magnolias, 
and rarely upon rocks. July-September. 


Coastal Plain counties: Columbus: Rankin (D, N); Blomquist and Correll 
4900 (D, HMD, A, GHG, POS). 
North Carolina to Florida, Alabama, and Louisiana. 


15. CALOPOGON R. BR. GRASS-PINK 
(Limodorum L.) 


1. Flowers white, tinged with purple; middle lobe of lip 5-6 mm. wide, cuneate or 
wedge-shaped; column wings broadly triangular; leaf blades narrowly 
RIUICLA 65. 2 cit lace Sharad wi be Shar wide tery aeaerardiare Riasteataaen ect ek 1. C. pallidus 

1. Flowers bright purple, rarely white; middle lobe of lip larger than in the pre- 
ceding species 

2. Middle lobe of lip 9-10 mm. wide, broadly rounded at the base, orbicular; 
column wings nearly half-orbicular; leaf blades narrowly linear — 

2. C. parviflorus 

2. Middle lobe of lip about 10 mm. wide, broadly fan-shaped or flabellate and 

truncate at apex; column wings rhombic; leaf blades linear, becoming slen- 

der lance-shaped....... Ldn did. bon e'W cece la ere Ais. iuc@ a: bre 5 aaa wed Cte a 
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1. Calopogon pallidus Chapm. Pale grass-pink 

(Limodorum pallidum (Chapm.) C. Mohr) 

Often found growing with C. pulchellus in savannahs or wet open 
pinelands where intensely to moderately acid conditions exist. May- 
July. 


Coastal Plain counties: Beaufort: Brues 5N (A); Correll 1586, 1587 (D). Bla- 
den: Blomquist and Correll 2581 (D); Correll 1248 (D). Columbus: Schallert 
241 (D, POS). Craven: McCarthy (U); Correll 1448 (D, HMD, GHG). Duplin: 
Wherry and Trudell (HMD); Mathews (NC); Correll 1321 (D, A, POS, But.). 
Johnston: Deans (NC). Moore: — (A). New Hanover: Wright (C). Onslow: 
Moldenke 6013 (A). Pender: Wells (NC, SC). Richmond: Correll 1113 (D). 
Sampson: Correll 1246 (D). Scotland: Correll 1174, 1172 (D). 

North Carolina to Florida and Louisiana. 


2. Calopogon parviflorus Lindl. Bearded calopogon 
(Limodorum parviflorum (Lindl.) Nash; Calopogon barbatus (Walt.) 
Ames) 
In open savannahs, acid meadows, and low pinelands. April-May. 


Coastal Plain counties: Brunswick: Coker (NC); Totten (NC); Fogg 5493 (P); 
Blomquist 5948 (D). Columbus: Schallert (POS, WV). Craven: Leeds 1648 
(NS). Harnett: Totten (NC). New Hanover: Bartram and Long 1106 (NS); 
Williamson (NS); Burke (P); Macfarlane (P); Canby (A, F); Churchill (G). On- 
slow: House 5088 (N). 

North Carolina to Florida, along the coastal plain. 


3. Calopogon pulchellus (Sw.) R, Br. Grass-pink 

(Limodorum tuberosum L.) 

In acid bogs and meadows, savannahs, and on the edge of open 
woods, strongly to moderately acid soils. May-July. 


Mountain counties: Avery: Ashe (NC). Burke: Small and Heller (P, U, F, 
NS); Heller (N); Gray et al. (NS). Graham: Oosting 34633 (D). Haywood: 
Oosting 34729 (D). Henderson: Wherry (HMD); Shoolbred (N); Biltmore 313d 
(N); Campbell (NC); Blomquist 5925 (D); Correll 3330 (D). Jackson: Huger (N); 
Williamson (NS); Oosting 35343 (D, MBD). McDowell: House-4308 (U). Ma- 
con: Wilson and Underwood 2694 (T); Wilson, Underwood, and Lott 2782 (T); 
Harbison 16 (G, HMD). Mitchell: Ashe (NC). Transylvania: House 4379 
(U, F, G). Watauga: Ashe (NC). 

Piedmont counties: Anson: Correll 1036 (D). Catawba: Small and Heller 
(F, N); Heller (N, G). Forsyth: Schweiniiz (NS); Schallert (S). Gaston: Coker 
(NC). Richmond: Correll 1105 (D). Stokes: Ashe 17 (NC). Wake: Coit 1250 
(SC). 

Coastal Plain counties: Beaufort: Brues (A); Correll 1688 (D, POS), 1586A 
(D). Bladen: Blomquist and Correll 2580 (D); Correll 401 (D). Brunswick: 
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Leeds 1135 (NS). Columbus: Schallert (POS, D); Heller (F). Craven: Brown 
27 (U); Shrink (U); Correll 1462 (D). Cumberland: Totten and Harbison (NC). 
Dare: Correll 1725 (D). Duplin: Wherry and Trudell (HMD); Chapman (NS); 
Mathews (NC); Correll 1586A (D). Hoke: Correll 1115 (D). Hyde: Correll 
1759, 1774 (D). Johnston: Deans (NC). Moore: Meritte (L.); Katzenstein (G); 
Wright et al. 243 (C). New Hanover: Biltmore 313a (N); Ward (N); Bartram (NS); 
Wright (C). Pamlico: Correll 1486A (D, A, But.). Pender: Wells (NC). Rich- 
mond: Correll 1105 (D). Robeson: Correll 1234 (D). Sampson: Correll 1301 
(D). Scotland: Correll 1173 (D, GHG, HMD, A). Washington: Wiegand and 
Manning 891 (C). Wilson: Blomquist 7711 (D). 

Newfoundland and Nova Scotia to Florida, Alabama, Louisiana, and Texas, 
westward to Minnesota and Missouri. 


3a. Calopogon pulchellus f. albiflorus (Britton) Fernald White grass- 
pink 
The flower in this form is pure white with cream-colored hairs on the 
face of the lip. The plant is smaller than the species. In open savan- 
nahs and moist sphagnum bogs. May-July. 


Coastal Plain Counties: Brunswick: Leeds 1133 (NS). Duplin: Correll 1318 
(D). New Hanover: Wright (C). Robeson: Correll 1234A (D). 
Distribution similar to that of the species. 


16. HEXALECTRIS RAF. CRESTED CORAL ROOT 


1. Hexalectris spicata (Walt.) Barnhart Crested coral root 
(Hexalectris aphylla (Nutt.) Raf.) 
In open rocky woods and rich woods along streams, in moderately 
acid habitats. July-August. 


Mountain counties: Swain: Beardslee and Kofoid (P, A, N, G, WV, F). 

Piedmont counties: Davidson: Totten (NC). Durham: Correll 4651 (D). 
Forsyth: Schweinitz (NS); Schallert (POS); Correll 4078 (D). Orange: Alexander 
(NC); Blair and Totten (NC). Rowan: Small and Heller (F). Stanly: Small and 


Heller (N). 
Coastal Plain counties: Johnston: Deans (NC). New Hanover: Wood (U). 
Maryland to Florida and the Gulf States, west to Texas, Arizona, Missouri, 


and Indiana. 
17. APLECTRUM (NUTT.) TORR. PUTTY ROOT 


1. Aplectrum hyemale (Muhl.) Torr. Putty root 

(Aplectrum spicatum (Walt.) BSP.) 

In mucky, wet soil in wooded floodplains, or in rich low moist woods, 
neutral to slightly acid soils. May-July. 


Mountain counties: Buncombe: Biltmore 1287 (N). Polk: Schiele (NC). 
Yancey: Biltmore 1287 (N). 
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Piedmont counties: Catawba: Correll 2930 (D). Durham: Correll 5013 (D). 
Forsyth: Schallert (POS); Schweinitz (NS); Denke (S); Lehman (D); Correll and 
Butts 5026 (D); Correll 4096 (D). Guilford: Schallert (D). Orange: Totten 
(NC); Womack (NC); Blomquist 5922 (D); Correll 5010 (D). 

Ontario and Vermont to Georgia, west to California and Saskatchewan. 


18. EULOPHIA R. BR. 
(Triorchos Small and Nash) 


1. Eulophia ecristata (Fernald) Ames 
(Triorchos ecristatus (Fernald) Small) 
Pinelands and scrubs, open rocky soil, rather dry. August. 


Coastal Plain counties: New Hanover: Williamson (NS). 

Other collections: ‘‘Mountains of North Carolina, August 1892’’: Williamson 
(F). ‘North Carolina, 1889’’: McCarthy (N). 

Florida and North Carolina. 


DEPARTMENT OF BorTany, 
DvukE UNIVERSITY, 
DuruaM, N. C. 
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EXPLANATION OF PLATE 15 


Lip of Spiranthes ovalis. X 4. 

Lip, petals, and sepals of Spiranthes Beckii.  X 4. 
Lip, petals, and sepals of-Spiranthes floridanum. X 4. 
Lip, petals, and sepals of Spiranthes gracilis. X 4. 
Lip, petals, and sepals of Spiranthes longilabris.  X 2. 
Lip, petals, and sepals of Spiranthes praecor. X 2. 
Lip, petals, and sepals of Spiranthes vernalis. X 2. 
Lip, petals, and sepals of Spiranthes odorata. X 3. 
Lip, petals, and sepals of Spiranthes cernua. X 2. 
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STUDIES IN THE LIFE HISTORY OF NITELLA HYALINA 
AGARDH 


By Laurie M. Stewart 


Puiates 16-19 AND ONE TExT FIGURE 


INTRODUCTION 


Due to their unique structure and reproductive cycle, the Charales 
have for many years aroused the interest of botanists and other men 
of science, and for the same reasons have caused much disagreement as 
to their probable phylogenetic position. Accordingly, the group has 
at one time or other, been placed in every phylum of the plant king- 
dom (25). The generally accepted idea at present is that they are a 
very highly specialized off-shoot of the Chlorophyceae. 

Adequate reviews of the work done on the classification of the group 
are presented by Allen (2) and Robinson (25). Karling (17) has quite 
thoroughly summarized the important cytological contributions made 
toward a better understanding of the Charales. References to prac- 
tically all the important papers that have been written on any phase 
of the subject are to be found compiled by Fritsch (10) in his literature 
of the Charales. 

It is apparent that most of the work has been done on the single genus 
Chara, while the genus Nitella has been somewhat neglected (17). The 
purpose of the present paper is to study as completely as possible the 
life cycle of a single species of Nitella, in order (1) to check the develop- 
ment of the reproductive organs against that described by previous 
investigators for the Charales, (2) to secure a chromosome count for 
the species, and (3) to determine if possible, where reduction division 
takes place in this species. 


DESCRIPTION OF THE PLANT 


The following description of the plant is based wholly on material 
grown in an aquarium as described under “Materials and Methods” 
of the present paper. The determination of the species as N. hyalina 
was made by following the key in The British Charophyta, Vol. I, by 
Groves and Bullock-Webster (14). Up to the present time the writer 
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has found no record of the collection of this species in North America, 
although Groves and Bullock-Webster state (without reference to 
author or locality) that it has been found in this country. WNitella 
hyalina is not listed in Allen’s Characeae of America. 


Nitella hyalina Agardh 


Plants homothallic, 10 to 27 or even 30 cm. long, ascending from 
clumps in a somewhat upright, more or less flexible or curving manner 
(Text fig. 1). Stems 250-290uz in thickness; lower internodes elongated, 
upper ones increasingly shorter, usually with denser verticils. A very 
distinctive feature is the presence of a smaller whorl or verticil within 
the larger primary verticil, the former usually containing twice the 
number of laterals of limited growth as the latter (Plate 16). 

Primary verticils consist most often of 8 laterals which are typically 
3-times divided, though 4th divisions are sometimes found. The basal 
nodes of the laterals are cut off close to the nodal cells of the main axis 
or stem, and from these arise the laterals of the smaller whorl. The 
second node of each lateral produces 6 (5-8) leaflet rays which fre- 
quently cut off a node and form 5-6 rays, each terminated by a mucro. 
Sometimes several of these leaf rays produce still another node and a 
whorl of from 3-5 rays. The mucros are usually 32-434 broad by 
72-74u long (Plate 19, fig. 2). 

Whorls of secondary laterals (Plate 16) numbering from 8-16, usu- 
ally 16, are frequently found at each stem node. These laterals are 
usually from 4 to 3 the length of the primary laterals and consist of 
either an undivided or a once-divided leaf, always terminated by a 
mucro. The divided laterals bear organs of both sexes. 

Antheridia and oogonia are borne at the nodes, and all nodes except 
the basal ones have been found fertile. Antheridia 200-300, in diame- 
ter; pale yellow-green when young, changing through yellow-orange to 
red-orange when mature. Terminating all divisions of the leaf except 
the ultimate rays. Always borne singly. 

Oogonia single (rarely 2) at every node except the basal one. Entire 
oogonium 518-5904 long by 338-410u thick. Mature oospore 249- 
290u; wall deep reddish-brown when mature; surface minutely pitted; 
ridges prominent, 7-8. 

The University Lake species differs from the Nitella hyalina as de- 
scribed by Groves and Bullock-Webster chiefly in having shorter 
mucros and smaller antheridia. These slight variations do not seem 
sufficient to warrant the giving of any form name to the Lake species. 
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A study of Allen’s key (2) reveals the fact that similar variations fre- 
quently occur in many species of Nitella. 


MATERIALS AND METHODS 


Living plants for the present study were collected from University 
Lake, Chapel Hill, N. C., and planted in a south window aquarium in 
which a previous culture of the same plant had been growing since 
January 1936. The cultures were in direct sunlight till about noon 
each day, and the room was usually warm both day and night. 

At the time of collection the new material was not in fruit, and 
the plants did not assume a healthy appearance until November. 
During the cloudy days of December 1936 and January 1937, artificial 
light was used almost constantly for about three weeks. By the 
middle of January the plants were observed to be fruiting sparingly, 
and a month later nearly all the verticils were thick with fruit. 

Material of all stages was fixed in Flemming’s weak and Nawaschin’s 
fluids and followed by Heidenhain’s haematoxylin or Gram’s modified 
stain. Sectioned material did not prove to be very satisfactory. 
Whole material stained by the Feulgen technic and teased out on the 
slide before mounting gave excellent results and this method was 
used almost exclusively for permanent mounts. The improved Feulgen 
technic as given by Tomasi (28) was followed with only slight modifi- 
cations. The fixative used was prepared as follows: to 50 cc. of 6% 
aqueous HgCl, was added 1 ce. of glacial acetic acid, and the mixture 
heated to boiling, removed from the flame, and when bubbling ceased, 
was poured over the fresh material. After treatment in the fixative 
for 15 minutes, the material was washed for an hour in running water, 
then hydrolyzed for 4 minutes in a normal solution of HCl at 58°C. 
and finally stained for 3 hours. 

Temporary mounts of antheridial filaments were made with iron- 
aceto-carmine as suggested by Karling (17) and studied for stages in 
antheridial development. Living material was also studied after 
staining with congo red, which rendered the walls, cytoplasm and nuclei 
quite visible without causing death before 7-9 hours. Methyl-violet 
and fuchsin killed, but very clearly and quickly stained the walls, cyto- 
plasm and especially the nuclei. This stain was also used for studying 
the flagella of the sperm while in the mother cells and after escape. 


VEGETATIVE STRUCTURE 


The cell wall of the plant is quite rigid and not easily punctured 
because of the slippery surface which may be due to the presence of a 
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gelatinous substance (10). The wall stains well with methyl-violet 
and fuchsin. While apparently smooth on the outside, the wall has 
irregular thickenings on the inner surface, which show up plainly in 
sectioned material stained by the Feulgen technic. The single layer of 
oval chloroplasts are found in practically every cell of the plant. They 
are embedded in the peripheral layer of the parietal cytoplasm, and 
show clearly through the hyaline cell wall (Plate 19, fig. 2). In the 
elongated internodal cells they are arranged in fairly regular rows more 
or less parallel with the long axis of the stem; in the tip cells the scat- 
tered chloroplasts are pale green for a short time, but soon become color- 
less. The plastids.of the manubria (Plate 17, fig. 15) are also arranged 
in broken lines and are pale yellow. 

Just beneath the peripheral cytoplasm is the stream of rotating cyto- 
plasm (Plate 19, fig. 3). Small and large granules move along in the 
stream, with much larger masses which are the nuclei. Some of these 
masses are partially constricted in the middle, due to the fact that the 
nuclei are in the process of amitotic division (Plate 19, fig. 12). 

Streaming of the cytoplasm in the plant under observation has been 
seen in the following cells: all nodal cells, internodal cells, when fairly 
mature, basal and stalk cells of oogonia and antheridia, spiral sheath 
cells of the oogonia, rhizoids, and tip cells of the leaflets.* The smaller 
particles move more rapidly than the nuclei, which slow up noticeably 
when making the turn at either end of the cell. In the nodal cells of 
the stem, the chloroplasts, which are rounder and larger than those 
of the internodes, move around in the cytoplasm of the cell. In other 
parts, the chloroplasts are stationary. A verticil cut from a plant 
December 2, 1936, and kept in a petri dish of water by a north window, 
still shows actively flowing cytoplasm at the present writing, a period 
of about six months. 


VEGETATIVE REPRODUCTION 


Many of the Characeae reproduce by vegetative means (10). New 
axes of growth arise from secondary protonema, from the nodes of 
buried stems or broken verticils, and from tuber-like growths and 
bulbils (21). Pieces of old plants found detached in the grass and mud 
a few inches under water in University Lake, April 3, 1937, showed new 
stems growing from old nodes, and rhizoids coming from the same 
nodes with the stems. Rhizoids seem to be capable of appearing 


* The laterals of limited growth are commonly called ‘“‘leaves,” and their 
ultimate divisions, ‘‘leaflets.’’ 
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at any node that is under mud. One instance was observed in which 
starch had accumulated in quantity at a verticil node, and from these 
cells rhizoids had grown out. When left in water and open to the light 
for about two weeks, the first sections of the rhizoids showed typical 
stationary chloroplasts, as in the internodes. 


DEVELOPMENT OF THE ANTHERIDIUM 


Antheridia have been found at every node of the leaf except the basal 
node. A study of very young verticils reveals the fact that the antheri- 
dial initial stages occur quite early in the development of the laterals. 
The antheridia are terminal on the internodal cells of the leaves. The 
apical cell of an antheridium cuts off one basal cell (Plate 17, fig. 1), 
then assumes a spherical shape. The first two divisions of this apical 
cell are vertical (Plate 17, fig. 3) and‘at right angles to each other, mak- 
ing four cells. The third division is in a horizontal plane, and results 
in the eight-celled stage (Plate 17, fig. 4). Now, each of the eight cells 
divides by two periclinal walls (Plate 17, fig. 5), into a series of three 
cells, forming a total of twenty-four cells from the original apical cell. 
About this time, a second basal cell is cut off at the base of the first 
one. The twenty-four cells are arranged in the form of three con- 
centric spheres. The eight cells of the outer sphere do not divide again, 
but form the shell of shield cells within which are other sixteen cells. 
The shield cells have interlocked edges (Plate 17, fig. 7). The eight 
cells of the inner sphere elongate radially and without further division 
become the eight cylindrical manubria (Plate 17, fig. 6). Each manu- 
brium is attached distally to a shield cell and proximally to one of the 
eight innermost cells, the capitula. Each capitulum divides one or 
more times to form secondary and even tertiary capitula (18), and 
from these cells arise the initial cells of the spermatogenous filaments. 
By repeated division of cells throughout their length, the filaments 
become greatly elongated until they form a tangled mass of threads 
that completely fills the hollow sphere bounded by the shield cells. In 
the early stages the shield cells are sparsely filled with granules that are 
at first colorless, but which soon become pale yellow. As the anthe- 
ridium approaches maturity, the granules turn red, so that the ripe 
male organ is a bright red-orange ball. The manubria also contain a 
few granules; the capitula sometimes have a few, but the filament 
cells are always free from chromoplasts. Rotation of cytoplasm has 
been observed only in the stalk and basal cells of the antheridium. 

The development of the sperm has been rather thoroughly investi- 
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gated by Belajeff (10), Lindenbein (20), Mottier (22), Walthers (31), 
and others, with resulting differences of opinion on certain points, 
notably, the origin of the flagella. Briefly, from my own observations, 
the development of the sperm appears to be as follows: the very young 
cells of the filaments are somewhat rounded and plump, and filled 
nearly to the walls by their single nuclei (Plate 17, fig. 8). Successive 
divisions of these cells (Plate 17, fig. 9) cause increase in the length of 
the filaments and the resulting cells are narrower and the nuclei are 
much less spherical than in the original cells (Plate 17, fig. 10). The 
final divisions give rise to thin discoid cells (Plate 17, fig. 11), the sperm 
mother cells proper. Each sperm mother cell has a single nucleus 
and gives rise to a single bi-flagellate sperm. The writer has not made 
a special study of the origin of the flagella. Stages in the Nitella hya- 
lina under observation have been found repeatedly showing the mother 
cell nucleus shifting to one side of the cell, becoming very flat and dis- 
coid, then thinning in the middle and assuming an incomplete band 
formation (Plate 17, fig. 11). The further lengthening of the nucleus 
results in the formation of a long spiral with a pointed anterior end and 
a blunt posterior end. The two flagella seem to be attached a short 
distance from the anterior end. By staining with methyl-violet and 
fuchsin, the flagella can be clearly seen when the nuclei are becoming 
band-shaped, and have the appearance of fine wire coiled about the 
sperm body (Plate 17, fig. 12). 

The method in which the antherozoids of the Characeae escape from 
the cells of the filaments seems to be in dispute. Fritsch (10) states 
that the sperm are liberated “by the falling apart of the shields of the 
antheridial wall and the subsequent gelatinisation of the walls of the 
mother-cells.”’ It is not clear as to whether he means the softening of 
a part of the wall in certain restricted areas or the disintegration of 
the entire cellular structure. Roze (26) gives a different view in stat- 
ing that “the mother cells are perforated for the passage of the bodies, 
the cell walls persisting, in contradiction to the other Cryptogams 
where the release of the antherozoids is effected by the dissolution of 
the cell wall.”” Groves and Bullock-Webster (14) quote M. Leon Guig- 
nard as saying that the sperm, when fully mature, burst from their cells 
and swim about in the water. Although the escape of living sperm 
has not been observed during the present study, two instances have 
been found in which the entire sperm body appeared to be still within 
the cell wall (Plate 17, fig. 13), while the flagella were free from the 
wall and whipping about vigorously in the surrounding water. In 
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several other instances, strands of empty cells have been observed 
with now and then a motionless sperm apparently held by its posterior 
end in the cell, but otherwise free and with the flagella in normal posi- 
tion. After repeated observations, the writer is inclined to favor the 
explanation of Roze, that the cells are perforated for the escape of the 
sperm. Such a conclusion seems justifiable by the facts that the empty 
cells maintain their original shape, size, and continuity of wall long 
after the sperm have escaped, and that staining of the empty cell walls 
reveals no obvious breaks. The same observations also make it im- 
possible for the writer to accept the gelatinisation theory as here inter- 
preted. 

The free sperm are very long (Plate 17, fig. 14), and have quite long 
flagella. The sperm body measures 72yz. 


DEVELOPMENT OF THE OOGONIUM 


Various names have been applied to the female organ and its compo- 
nent cells. Allen (2) introduces the term sporophydium to include all 
the cells of the female organ, namely, the basal, nodal, sheath, and egg 
cells. He uses the term oospore to mean the fertilized egg with its 
dense cytoplasm full of starch and oil. The sheath cells he calls the 
sporostegium or spore-capsule. The spore is the cell which gives rise to 
the egg and the one to three little cells at its base, Braun’s famous 
‘“‘Wendungszellen.”’ Fritsch uses the term oogonium to signify the up- 
permost cell in the row of three that forms the initial stages of the fe- 
male organ. This cell later cuts off one cell in Chara and three cells 
in Nitella, the aforementioned ‘““Wendungszellen.”’ Thus, Fritsch’s term 
includes the egg and the cut-off cells. He uses no term to include all 
the cells that arise from the initial cell of the female organ. The word 
oogonium is here used to mean the same thing that is meant by Allen’s 
sporophydium. The cell called the oogonium by Fritsch and others 
is the primary oocyte of Tuttle (30), who calls the entire organ the oogon- 
tum. In the present study, the terms primary oocyte and oogonium 
will be used in the manner that Tuttle has adopted. 

Although the development of the oogonium in Nitella hyalina from 
University Lake is largely in accordance with that given by Fritsch 
and others, for other species of Nitella and Chara, several deviations do 
occur, which if not of great significance, are non-the-less interesting. 
A brief account of this development follows. 

The oogonial initial is homologous with the apical cell of any leaflet 
in the whorl. By transverse division of the initial cell, a row of four 
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cells is cut off (Plate 18, fig. 1). The apical cell is the primary oocyte, 
supported by the nodal cell, beneath which are the two basal cells. 
The node soon cuts off five peripheral cells, the sheath primordia, so 
that a disk of six cells is formed between the oocyte and the basal 
cells (Plate 18, fig. 4). Sachs (27) and Fritsch figure only one basal 
cell, but in the species studied, the writer has consistently found two 
basal cells. Even before the origin of any sheath primordia, the oocyte 
begins to cut off the first of the three cells (Plate 18, fig. 2). The first 
cell is stated by Fritsch to be cut off by a wall that is more or less 
vertical to the base of the oocyte, but in every case observed in the spe- 
cies studied, the wall is curved at a definite 45° angle with the long axis 
of the row of primary cells (Plate 18, fig. 2). It is always cut off on 
the adaxial side. This cell corresponds to the first polocyte of Tuttle 
(29), but since the chromosome counts in the vegetative and reproduc- 
tive cells in Nitella hyalina dc not bear out Tuttle’s contention that re- 
duction of chromosome number occurs during the first division of the 
oocyte, the term polocyte cannot be correctly applied to the cell in this 
species. A second cell is soon cut off from the oocyte, oftentimes be- 
fore the sheath primordia have become at all elongated (Plate 18, fig. 
3). The wall of the second cell slopes obliquely away from the middle 
wall of the first cell, and is not vertical as stated by Fritsch and others 
(Plate 18, fig. 4). The third cell is cut off from the oocyte sometime 
later than the first two, after the sheath cells have become about 
twice the length of the oocyte, and the coronal cells have been formed. 
The wall of the third cell is definitely horizontal, and the cell lies at the 
base of the oosphere, and touches the wall of the second little cell (Plate 
18, fig. 6). 

After the three cells are cut off, the oosphere, which has already be- 
come quite large, elongates rapidly and increases in size, pushing past 
the three little cells, and causing them to bulge out like blisters toward 
its lower side (Plate 18, fig. 7). Although these three cells appear to 
have definite walls separating them from each other and from the 
oosphere, they are still within the original wall of the primary oocyte. 
Tuttle (29) states that in his plant the three cells are not cut off by 
successive divisions of the primary oocyte, but that the first cell cut 
off migrates toward the base and on its way divides to form two polar 
bodies, during the time the oocyte nucleus is cutting off a second cell. 
Groves and Bullock-Webster (14) state on pages 52-53, vol. I of their 
British Charophyta, that ‘‘at the base of the oogonium of the Nitellae 
are found three small cells called by Braun ‘turning cells’ (Wendungs- 
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zellen). The formation of the first of these cells originates at the apex 
whence it makes its way downwards (as Goetz shows in a series of 
illustrations) and finally divides into three cells at the base of the 
oosphere.”” These authors have apparently misquoted Goetz, who 
does not say that the first cell divides to form three cells, but rather 
plainly indicates that they are formed by the successive divisions of 
the large central cell (13, p. 3). In the present study, mitotic figures 
have been found which tend to show that these divisions are successive, 
and not as described by Tuttle or Groves and Bullock-Webster. 
Braun’s term ‘‘Wendungszellen’”’ cannot be applied to these cells in the 
present study if it be interpreted as meaning “wandering cells” or 
even “turning cells,’ for the following reason: the first of the three 
cells is cut off at the apex of the oocyte, and assumes a lateral and 
finally a basal position simply due to the fact that it is pushed aside 
by the growing oosphere. All three cells are really fixed in position 
throughout their history, and the movement toward the base is only 
relative. Similar observations were made in 1929 on Nitella batracho- 
sperma by Walthers (31). The above conclusions, however, were ar- 
rived at before the writer had seen Walthers’ paper. 

After the three cells are cut off, the oosphere elongates until it be- 
comes finger-shaped, and the sheath cells spiral tightly around it so 
that the young oogonium is for a short time of nearly uniform diameter 
throughout its length. Later, the oosphere becomes more or less 
spherical and the spirals more nearly horizontal. The coronal cells are 
at this stage set close to the oosphere. In connection with the origin 
of the coronal cells, a mitotic figure was found which shows the lower 
tier being cut off from the basal cell (Plate 18, fig. 12), which method 
is also true for Nitella batrachosperma as shown by Walthers (31). 
Bullock-Webster and Groves state that in the Nitellae, the lower tier 
is cut off from the upper one. 

When the oosphere is ready for fertilization, the upper ends of the 
sheath cells elongate and form a chamber above the apex of the 
oosphere. Swelling of the elongating portions a short distance below 
the crown, divides the chamber into two hour-glass compartments, the 
upper being very small and connected with the larger lower one by a 
narrow channel. The slight separating of the five sheath cells just 
beneath the crown forms five slits for the entrance of the sperm (Plate 
18, fig. 8). The receptive spot is at the apex of the oosphere. An- 
theridia with opening shields are usually found at the same nodes with 
oogonia ready for fertilization, and nearly all the organs of both sexes 
on nodes of the same age mature at the same time. 
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GERMINATION 


The process of germination has been very carefully worked out by 
Nordstedt, whose investigations were later reviewed and enlarged upon 
by the studies of de Bary (2). Although attempts to germinate the 
oospheres of the plant from the Lake have been so far unsuccessful, 
the oospheres have germinated in the aquarium. On January 9, 
1936, a few plants from an old aquarium were put into a new aquarium. 
The plants were fruiting at the time of transplanting. About the mid- 
dle of February, 1936, an irregular ring of young plants was noticed 
around the old clump. One of these was carefully taken up and found 
to have the old spore case still clinging to the base of the shoots, and 
in the upper verticils were found nearly mature antheridia and oogonia. 
The young plants were from 6-8 inches high. Other instances of germi- 
nation have been found during the present spring. Plants from a previ- 
ous collection were discarded from an aquarium, and the sand scraped 
off and replaced by fresh; new material from the Lake was transplanted 
October 17, 1936. This new material was not fruiting at the time of 
collection. The plants were again removed December 11, 1936, to 
another aquarium with an entire change of sand and water in which no 
plants had been growing. Fruit began to appear about the middle 
of January, 1937, and about a month later was abundant. About the 
first of March, mature antheridia were found with open shields, and on 
the same nodes were oogonia with elongated sheath cells. Black 
oospores were first seen about the 6th of April, and young plants 20 
mm. in length were pulled up April 19th and found to be growing from 
oospore cases (Plate 19, fig. 4). It seems that it may be safely assumed 
that the young plants came up from oospores maturing since the 
middle of January, since it is not very likely that oospores maturing in 
the summer of 1936 would still be found in the scant soil around the 
rhizoids of the Lake material, especially after two separate transplant- 
ings. The protonemal threads of these new plants were found to be 
two-jointed, and lined with chloroplasts as are the internodes (Plate 
19, fig. 4). 

STUDY OF THE NUCLEI 

The nuclei of Nitella hyalina present a wide range of sizes, shapes 
and positions that is quite interesting. A brief discussion of the sev- 
eral types follows: 

Nuclei of internodal and leaf cells. The nuclei of very young cells 
are usually spherical and centrally placed. The cells are highly vacuo- 
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late and no sign of rotating cytoplasm is seen in the early stages. Later 
the vacuoles unite to form one large central vacuole around which 
the free cytoplasm rotates, carrying with it the one or more nuclei. 
The leaf and internodal cells are at first all uninucleate (Plate 19, fig. 1), 
but later become multinucleate by fragmentation or amitosis. The 
resulting nuclei are very small and more or less oval in shape, and not 
densely granular (Plate 19, fig. 2). All the nuclei move close to the walls 
(Plate 19, figs. 18 and 2). 





Text-Fia. 1 


Nuclei of tip and nodal cells. Each tip cell (mucro) has only one 
nucleus (Plate 19, fig. 1), which is 74 in diameter in fixed material, 
spherical and densely granular. It takes a deep stain when treated 
with Feulgen. The slow movement of the cytoplasm in the cell does 
not appreciably affect its position; it is usually basal. 

The nodal cells are also uninucleate (Plate 19, fig. 10). The nucleus 
is centrally placed and is spherical and stains deeply with Feulgen, as 
do the tip cell nuclei. 

Nuclei of the oogonia. A nearly mature oogonium stained by the 
Feulgen technic and mounted whole presents a very striking figure. 
The cells are faintly outlined in yellow, but only the nuclei take the 
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bright red stain. Near the base are the three large round nuclei in a 
row, the two basal and one nodal nuclei. Three smaller dots in a 
crescent at the base of the egg belong to the three little cells cut off by 
the oocyte. At the apical end of the oogonium are ten dark red dots, 
the coronal cell nuclei, and spiralling around the oospore are five long 
ribbons; these five threads have been called nuclei by the writer, after 
numerous observations on their development in both living and stained 
material. No references nor illustrations have been found in the litera- 
ture concerning the nature of the nuclei in the sheath cells, with the 
exception of one figure 13b by Walthers (31) which shows a decidedly 
oval nucleus in a sheath cell which is just beginning to spiral. Bullock- 
Webster and Groves state that the cytoplasm in the sheath cells of 
mature oogonia maintain the form of coils and can be unwound and 
laid out in separate strands with the integument. After many obser- 
vations, the writer is still inclined to believe that the coils which show 
up so clearly with Feulgen in Nitella hyalina are true nuclei, and not 
cytoplasmic strands. It does not seem likely that the cytoplasm in the 
sheath cells would stain at the same time that the cytoplasm in every 
other cell remains colorless. Cross-sections of nearly mature oogonia 
that have been previously stained with Feulgen, show the sheath cells 
as rings tangent to the circle of the egg. In many of these rings is 
found a round, granular, Feulgen-stained body of the same diameter 
and structure as the ribbons in the spiral cells previously mentioned. 
This body is usually embedded in a granular substance which is light 
yellow in color and gives the same appearance as cytoplasm in other 
cells of the plant (Plate 18, fig. 8a). Also, under other staining proc- 
esses, the cytoplasm is not found in bands in the cells of the sheath. 
The development of these sheath cell nuclei is as follows: each primor- 
dium has a single, spherical nucleus which is central in position (Plate 
18, fig. 9). After the primordium has cut off two coronal cells, the 
lower of the three cells in the thread elongates and begins to spiral, and 
its nucleus also elongates and spirals with it (Plate 18, fig. 10). As this 
process of elongation continues, the sheath cell becomes very long, and 
the nucleus finally extends from the base of the cell to within } the 
distance from the tip of the coronal cells (Plate 18, fig. 11). Nuclei in 
the sheaths of mature oogonia measure 7u by 600u. Incidentally, 
these measurements also represent the range in length of the nuclei 
found throughout the plant body, from the 74 diameter tip cell nuclei 
to the 600u sheath cell nuclei. 
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CHROMOSOME COUNT 


Chromosome counts were attempted in the following cells: sheath 
primordia, coronal cells, antheridial filament cells, the 2nd and 3rd 
division stages of the oocyte, and a nodal cell. In all instances, as well 
as could be determined, the chromosome number seemed to be from 
12-14 (Plate 19, figs. 7-9). If the counts have been accurately made, 
the results of this study do not substantiate the contentions of Tuttle 
for his charophyte, that reduction occurs during gametogenesis; on the 
other hand, they are in accordance with the findings of Debski, Linden- 
bein, Oehlkers and others, that no reduction of chromosome number 
is found during gametogenesis. 
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SUMMARY 


The life history of a species of Nitella has been followed out as fully 
as possible under the circumstances, with the following results: 

1. The plant has been determined as Nitella hyalina Agardh. As 
far as known, this is the first record of its collection in bccaae 
America by an American collector. 

2. A detailed description of the species is given. 

3. A short description of the vegetative structure of the plant is 
presented in which are described the rotating nuclei of inter- 
nodes and laterals. 

4. Examples of vegetative reproduction are given. 

5. In connection with the development of the antheridium: 

(a) The apical cell is found to cut off only one basal cell at the 
beginning of the development, but later a second cell is 
cut off from the first, about the time of the 24-celled 
stage. 

(b) A brief description of development of the antherozoids is 
presented. 
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(c) The sperm are thought to escape by the perforation rather 

than by the gelatinisation of the mother cell walls. 

6. In connection with the development of the oogonium: 

(a) Several terms that have been given different meanings by 
Braun, Allen, Tuttle, Sachs, and others are defined and 
their interpretations as employed in the present paper 
set forth. 

(b) An attempt is made to produce evidence that the three 
cells of the oocyte are cut off by successive divisions. 
This is contradictory to the findings of Tuttle in his 
investigations of a Charlottesville charophyte. 

(c) The statement is made that the use of Braun’s term 
“Wendungszellen” as meaning “wandering cells” or 
“turning cells” is not applicable to the species under 
observation, since the cells do not migrate from their 
original position, but merely appear to do so, being 
pushed aside by the growing oosphere. 

(d) The number of stalk cells is found to be two instead of 
one as is usually stated for other species of Nitella and 
Chara. 

(e) The first two divisions of the oocyte are shown to be 
more nearly oblique than vertical as is stated for other 
species of the Charales. 

(f) A mitotic figure is presented to show that the lower tier 
of coronal cells is cut off from the sheath cell rather 
than from the first tier, as stated by Groves and Bullock- 
Webster. 

. A young plant bearing fruit and still attached to its oospore 
shell was found in a new aquarium about a month and a 
half after the first fruit was formed, seeming to indicate that 
the new zygote germinated without a previous long rest 
period. 

8. A comparative study was made of the different types of nuclei 
found in different cells of the plant, revealing a wide range 
in shape, position, density, and in size from 7-600x. 

9. A study of the deeply staining strands in the sheath cells was 
undertaken, and the conclusion reached that they are the 
nuclei of the cells and not bands of cytoplasm as thought 
by Groves and Bullock-Webster. 

10. Chromosome counts were made for the following cells: sheath, 
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antheridial filament, coronal, 2nd and 3rd divisions of the 
oocyte. In each case, as well as could be determined, the 
number of chromosomes was found to be from 12 to 14. 
The results of this study do not substantiate the conten- 
tions of Tuttle for his charophyte, but are in accordance 
with the findings of Debski, Lindenbein, Oehlkers, and 
others that no reduction of chromosome number is found 
during gamotogenesis. 
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PLATE 16 
PHOTOGRAPH OF SECTION OF PLANT SHowING Hasit anp Sex OrGANS 
PLATE 17 
STAGES IN THE DEVELOPMENT OF THE ANTHERIDIUM 
Fig. 1. Very early stage showing apical cell (a.c.) and first basal cell (f.b.c.) 
resting on nodal cell of the leaf. 244. 
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Fig. 2. Later stage in which a leaf primordium {].p.) has been out off from the 
node cell (n.c.). Note that the antheridium still has only one basal cell. 
Lowest cell in this row is a young internodal cell (i.c.). Note also that the 
cytoplasm of this cell is quite vacuolate. 244. 

Fig. 3. Still later stage, showing first vertical division of the apical cell, appear- 
ance of a leaf tip (1.t.) on one of the leaves, and of chloroplasts in the 
internode below the node. 244. 

Fig. 4. Octant stage produced by the transverse division. 244. 

Fig. 5. The 24-celled stage, also showing the appearance of the second basal cell 
(s.b.c.), just above the node. 244. 

Fig. 6. Section view of whole mount antheridium stained by the Feulgen technic, 
showing four shield cells with nuclei, four manubria with capitula and 
young filament nuclei. X36. 

Fig. 7. Mature antheridium, showing infoldings of shield cells. 65. 

Figs. 8 to 14 are figures from the development of the sperm. All 480. 

Fig. 8. Very young filament cells with their nuclei. 

Fig. 9. Late anaphase in two adjacent filament cells in the formation of four new 
consecutive cells. 

Fig. 10. Sperm mother cell nuclei. 

Fig. 11. Elongation of mother cell nuclei into incomplete bands. Note flagella. 

Fig. 12. Nearly mature sperm with flagella clearly seen. 

Fig. 13. Sperm body apparently within cell, with one flagellum free. 

Fig. 14. Mature sperm. 

Fig. 15. Manubrium with its single nucleus. 409. 

Fig. 16. Showing normal attachment of filaments to the secondary capitula (s.c.). 
x 409. 

Fig. 17. Capitulum with five filaments attached. 409. 

Fig. 18. A sketch to show the unusual attachment of filaments directly to the 
primary capitulum (p.c.). 409. 


PLATE 18 
STAGES IN THE DEVELOPMENT OF THE OOGONIUM 


ig. 1. Initial row, showing in order from apex to base, (1) apical cell (a.c.) or 
primary oocyte, (2) nodal cell (n.c.), (3) and (4), two basal cells (f.b.c. = 
first basal cell; s.b.c. = second basal cell). 244. 

g. 2. Cutting off of first (1) of three little cells by primary oocyte. Also, ap- 

pearance of a sheath primordium (s.p.) from the node. 244. 

. 3. Stage showing anaphase in division of the oocyte nucleus to form the 
second little cell, whose nucleus will be formed from the basal group of 
chromosomes. X244. 

Fig. 4. Later stage, showing completion of the division in fig. 3, and the appear- 

ance of other sheath primordia. 244. 

Fig. 5. Much later stage showing the third mitotic division of the oocyte forming 
the third cell (3) (basal chromosome group) and egg or oosphere (upper 
chromosome group). 244. ; 

g. 6. Completion of divisions in the formation of the three little cells (1, 2, 3). 
Partial face view. 244. 

Fig. 7. Side view of fig. 6, showing displacement of the three cells due to the 

growth of the egg. 244. 
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Fig. 8. Mature oogonium just prior to or following fertilization. Note hour- 
glass chamber and slits. X66. 

Fig. 8a. Cross-section of a single spiral thread, showing the dark nucleus em- 
bedded in granular cytoplasm. X244. 

Fig. 9. Spherical nuclei of young sheath primordia, 244. 

Fig. 10. Nuclei elongation with cells. 244. 

Fig. 11. Later stage of figs. 9 and 10, showing mature oogonium with greatly 
elongated sheath cell nuclei. X88. 

Fig. 12. Mitotic stage in formation of coronal cells. 244. 


PLATE 19 


Fig. 1. Very young leaf showing uninucleate tip and lower cell. 244. 

Fig. 2. Older leaf with numerous nuclei produced by amitotic divisions. X88. 

Fig. 3. Enlarged portion of edge of leaf to show cell wall, stationary chloroplasts, 
and rotating nuclei. 409. 

Fig. 4. Young plant showing attachment of oospore case, rhizoids, the verticil 
of young leaves, and the two-jointed portion of the protonema above the 
verticil. X23. 

Fig. 5. Abnormal oogonium on a long stalk. X88. 

Fig. 6. Abnormal development of sheath cells from the base of a normal antheri- 





dium. X88. 
Fig. 7. Showing chromosome counts in metaphase of antheridial filament cell. 
xX 480. 


Fig. 8. Division of nodal cell to form a lateral. 

Fig. 9. Enlarged view of fig. 8 to show late anaphase in mitosis of a vegetative di- 
vision. X409. 

Figs. 10 to 19 show a series of comparative sizes, shapes and densities of nuclei 
from various cells: 409. 

Fig. 10. Lateral node cell. 

Fig. 11. Young internode. 

Fig. 12. Older internode. 

Fig. 13. Sheath cell. 

Fig. 14. Antheridial basal cell. 

Fig. 15. Antheridial shield cell. 

Fig. 16. Young leaf. 

Fig. 17. Young and older spermatogenous filaments. 

Fig. 18. Old leaf. 

Fig. 19. Stalk cells of oogonium. 

Fig. 20. Showing arrangement of chloroplasts in rows. Note line of ‘‘indiffer- 
ence’’ near lower center of figure. 244. 
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A NEW GENUS OF THE BLASTOCLADIACEAE 
By Vetma D. MatTrHews 


PuLatTes 20 AND 21 aND ONE TEXT FIGURE 


During the summer of 1935 the writer found a most unusual fungus 
growing on a small dead fly in a pool in a depression of a large rock on 
Bald Knob in Giles County, Virginia. The elevation at this point is 
about 4,200 feet. At this time only a few plants were observed and 
all attempts to culture the fungus proved in vain. However, in the 
summer of 1936 the same fungus was found growing on an insect in 
the same pool. This time the writer succeeded in growing the fungus 
on house fly eggs, which had just been removed from a fly and placed 
insterile water. If the fly eggs were of the proper maturity an abun- 
dant group of plants usually grew on at least a few of the eggs, when 
they were placed in a growing culture. During the winter, when 
fly eggs were more difficult to obtain, cultures were made on the radicle 
of hemp seed embryos which had been boiled a few minutes. In these 
cultures the plants were often larger than those on fly eggs. The cul- 
tures have been kept in the refrigerator except when observations were 
being made. Germination of the spores was obtained on corn meal 
dextrose agar. On this medium the plants were small and short and 
usually produced a resting sporangium. However, young plants may 
be flooded with water and be made to develop thin-walled sporangia 
and zoospores. 

The entire plant is made up of a sporangium or a resting sporangium, 
a main trunk, and a system of rhizoids. Plants bearing resting 
sporangia resemble a miniature Allomyces or Blastocladia. However, 
the main trunk never branches, so far as I have been able to discover. 
The zoospores, which are produced in large numbers in sporangia 
placed in fresh water are elliptic to oval with one long posterior cilium. 
They escape fully formed into a small vesicle, which persists only a 
few seconds or directly into the water. Here they swim for varying 
lengths of time and come to rest as round spores with a definite wall. 
The swimming spore has the same type of structure as the spores of 
Allomyces and Blastocladia. Upon coming to rest on a suitable sub- 
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stratum the spores send out a slender tube, which may soon fork and 
these branches divide up to form an elaborate system of very fine rhi- 
zoids, which extend into the substratum. The original spore body at 
the same time enlarges and develops into the trunk and sporangium. 
No reaction was obtained with chloriodide of zinc on the young or old 
plants. (Dictyuwchus threads tested at the same time gave a beautiful 
purple reaction.) 

The sporangia are thin-walled and globose to cylindrical in shape. 
Variation in size is very great, apparently depending on the amount 
of food material available. The method of the formation of the zoo- 
spores is shown in figures 2 to 8. The cytoplasm with many large 
refractive granules collects in the tips of the young plant, leaving a 
highly vacuolated basal portion (fig. 2). After most of the cytoplasm 
and granules have collected in the tip a wall begins from the periphery 
and finally makes a complete partition separating the tip from the re- 
mainder of the plant (fig. 3). Some enlargement of the sporangium 
now takes place and the refractive granules become smaller and scat- 
tered throughout the very fine cytoplasm (fig. 4). A few minutes 
after this stage these granules are much smaller and arranged in a more 
or less circular manner (fig. 5). A few minutes later the origins of 
the individual spores become visible with a group of granules in each. 
Five to ten minutes later the conspicuous papilla suddenly seems to 
be pulled inward, movement of the spores begins, and the papilla is 
pushed outward to form a very thin vesicle, which lasts only a few 
seconds. No cap is cut off. After the vesicle bursts the spores sepa- 
rate and swim away with their cilia propelling them from behind. The 
zoospores remaining in the sporangium come out rather rapidly and 
swim away. The structure of these spores is similar to that described 
by Hatch (2) in gametes of Allomyces and by Cotner (1) for the zoo- 
spores of Blastocladia. 

Some plants in all large cultures form resting sporangia in place of 
the ordinary thin-walled sporangia. In cultures where fresh water 
is not added, practically every plant forms a resting sporangium. 
The tip of the plant is separated off by a cross wall and inside of this 
tip the protoplasm assumes a brownish color, which gradually deepens 
and a wall is formed around the entire contents (fig. 15). This wall 
becomes thick and irregularly marked on the outer surface (fig. 16). 
After a rest of two to three weeks, in some cases perhaps less, the 
germination of some of the resting sporangia can be obtained by adding 
fresh water and food material to the culture. Twenty-four hours to 
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ten days after the addition of fresh water and food the heavy wall of 
the sporangium cracks in several places and one to three thin-walled 
exit tubes appear. The exit tubes are usually less than the diameter 
of the sporangium but in a few cases very long ones developed as 
shown in figure 19. The outer hyaline wall, which was the original wall 
of the hyphal tip may or may not be present at the time of the germi- 





Culture of B. simplex growing on a fly egg. Note three large plants bearing 
resting sporangia and many small sporangia. X80. 


nation of the resting sporangium. When the sporangia are three or 
four months old there is usually no indication of this wall but the rest- 
ing sporangia are still in contact with the old trunk. Soon after the 
appearance of the exit tubes the contents of the resting sporangium 
become divided up into spores similar to those found in the ordinary 
sporangia. The first of the spores escape into a very thin vesicle 
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lasting only a few seconds or directly into the water. Hundreds of 
spores are formed in the large resting sporangia so several hours may 
be necessary for their escape. These zoospores germinate to form 
plants exactly like those formed by the zoospores from the thin-walled 
sporangia. There is no inherent alternation between the thin-walled 
and the thick-walled sporangia, their occurrence depending on environ- 
mental conditions. Mature resting sporangia may be gradually dried 
by allowing the water in the petri dish (with top on) to evaporate in 
the refrigerator or outside the refrigerator, when the temperature is 
not above 70°F. In the dried condition sporangia were kept 4 months 
and germination obtained. 

A new genus Blastocladiella is suggested to include the plant described 


above. 
Blastocladiella gen. nov. 


Minute exposed part a simple thin-walled trunk without constric- 
tions bearing at its tip a thin-walled sporangium or a thin case contain- 
ing a thick-walled resting sporangium. Zoospores with one posterior 
cilium, monoplanetic. Rhizoids delicate, much branched. Sexual 
reproduction unknown. Walls not turning blue in chloriodide of 


zinc. 


Blastocladiella simplex sp. nov. 


Trunk 8-40 broad and 30—1,005y long (even shorter on agar, fig. 12), 
without constrictions and unbranched except at base, where it may di- 
vide into 2 to 4 parts from which the system of very fine rhizoids ex- 
tends. Sporangia cylindrical to globose, 15-105 in diameter, usually 
with one, rarely up to three papillae of emergence. Zoospores mono- 
planetic, oval to elliptic, 3-4 x 5.5-7yu, with a long posterior cilium, a 
nucleus with a large nuclear cap, a ring of glistening granules, a large 
vacuole and very fine cytoplasm. Resting sporangia 15-180u in diam- 
eter formed inside a wall shaped as the thin-walled sporangia and de- 
veloping a brown irregularly marked heavy wall. The thin-walled 
case does not dehisce to allow the escape of the sporangium, but it 
may disappear in old cultures. After a rest the thick-walled sporangia 
form zoospores similar to those formed in the thin-walled sporangia. 
Sexual reproduction unknown. 

Growing on a dead fly in a fresh water pool on Bald Knob near 
Mountain Lake, Giles County, Virginia. 

In general appearance Blastocladiella resembles Macrochytrium botry- 
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dioides Minden of the Chytridiales, but the absence of a cap and the 
structure of the spores lead us to place our plant in the Blastocladiales. 

‘Blastocladiella may be separated from Blastocladia and Allomyces 
by the unbranched trunk and the formation of only one sporangium 
on a plant and from Allomyces and some species of Blastocladia by the 
resting sporangium not escaping from the thin outer wall. The pres- 
ence of a vesicle also separates the new genus from Blastocladia. Blasto- 
cladiella in its simplicity may be considered as a connecting link be- 
tween the Chytridiales and Blastocladiales. 


CoKerR COLLEGE, 
HarTsvit_g, 8. C. 
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EXPLANATION OF PLATES 20 AND 21 


PLATE 20 


Fig. 1. Habit sketch of a culture growing on a fly egg. X53. 

Figs. 2-8. Stages in the development of a sporangium. Fig. 2 drawn at 10:55 
A.M.; fig. 3, 11:20 A.M.; fig. 4, 1:00 P.M.; fig. 5, 1:45 P.M.; fig. 6, 2:09 
P.M.; fig. 7, 2:10 P.M.; fig. 8, 2:30 P.M. All 460. 


PLATE 21 


Fig. 9. Zoospores from a thin-walled sporangium. X1320. 

Fig. 10. Germinating zoospores. 460. 

Figs. 11-12. Young plants grown on agar. XIII. 

Figs. 13-14. Entire plants with short trunks and thin-walled sporangia. 220. 
Fig. 15. Young resting sporangium. 460. 

Fig. 16. Mature resting sporangium. Outer wall has disappeared. 460. 
Fig. 17. Resting sporangium forming an emergence tube. 460. 

Fig. 18. Resting sporangium with zoospores escaping into a vesicle. 460. 
Fig. 19. Small resting sporangium with a very long emergence tube. X460. 
Fig. 20. Zoospore from resting sporangium. 1320. 

Fig. 21. Very small sporangium stained to show nuclei in young spores. 1320. 
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A NEW SPECIES OF ROZELLA PARASITIC ON ALLOMYCES 


By Frances K. Foust 


PLATES 22 AND 23 


A new species of Rozella was found on Allomyces arbuscula Butler in 
a soil collection from Battle Grove, across the road from Coker Arbore- 
tum, Chapel Hill, N. C., October 5, 1936. This organism is not only a 
new species but is the first recorded parasite on the genus Allomyces. 
However its greatest significance lies in the fact that through studying 
the parasite in the laboratory several points have been cleared up which 
have long been the basis of controversy. Cornu (1871), working on 
Rozella septigena, observed the spiny resting bodies associated with 
the parasite when growing on members of the Saprolegniales, but was 
unable to determine whether the bodies belonged to the parasite or to 
the host. He observed the formation and discharge of the zoospores 
in Rozella Rhipidii spinosi; but he stated that they “decompose with- 
out germination: one wonders if they are really zoospores.’”’ Others 
have worked on Rozella since Cornu and have reported the spiny resting 
bodies. They have been unable, however, to observe the germination 
of these resting bodies and thus give definite proof that they beiong 
to the parasite. The number and place of attachment of the cilia has 
also been a disputed point. 

This investigation has been carried out under the direction of 
Professor J. N. Couch, to whom the writer tenders her sincere thanks. 

The parasite was isolated and successfully kept in culture by the use 
of the following method. A non-parasitized strain of Allomyces arbus- 
cula already in culture in the laboratory was purified in agar and used 
as a stock culture for inoculation with the parasitized material. Young 
Allomyces cultures on hemp-seed were inoculated (before host resting 
bodies had begun to form) by placing a few of the parasitized host 
threads containing resting bodies in direct contact with the host fila- 
ments. In five to twenty-four hours after inoculation (depending upon 
temperature), the Rozella sporangia can be found in the early stages of 
development at the hyphal tips of the host. The life cycle is completed 
in from two to three days with the formation of the resting bodies, which 
retain their vitality over a period of several months. 
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Rozella allomycis n. sp. 

Fungus body parasitic within the distal parts of the threads of Allo- 
myces. Sporangia first formed at the tips of the young host threads, 
usually 1-5 in a row, in basipetal succession; usually barrel-shaped, but 
varying greatly in size and shape, 12-20 x 20-40u, more often about 
15.94 x 24.6u. The wall apparently confined to the original host wall. 
Usually with one exit papilla, which is about 1.34 long. Frequently 
a primary sporangium may be divided by one or more partitions into 
several smaller sporangia. Zoospores ovoid, the posterior end the 
larger, about 3-44 thick, containing one refractive globule and with 
one posteriorly attached cilium, which is four times the length of the 
spore and is directed backward when the spore swims. Swimming by 
darting about with frequent changes of direction as typical for Chytrid 
spores. The swimming period lasting for about an hour, after which 
the spores germinate or die. Resting bodies formed later than the 
sporangia, occurring in the distal part of the host threads just behind 
the sporangia in swollen segments that are 1-35 in number, each seg- 
ment containing from 1-16 resting bodies, the average being about 3 
or 4. Segments spherical, barrel-shaped, nearly cylindrical, or irregu- 
lar, 20-40 x 20-70u. Segments not completely filled by resting bodies, 
usually containing some left-over, dead, granular, host protoplasm. 
Resting bodies with spiny walls, spherical, 12—20y thick, averaging 15.9u 
thick (average of 20 measurements) counting the spines which are about 
1.3u long; yellowish brown to reddish brown in color; when mature 
with a thick (.5u) wall, with a central hyaline globose mass of material 
surrounded by a granular zone of protoplasm. Germinating after a rest 
period of a week to form zoospores if fresh water is added and a young 
culture of Allomyces is present. The resting bodies may retain their 
vitality either dry or wet for several weeks, perhaps months. Zoospores 
from resting bodies identical with those from regular sporangia and 
capable of infecting young host threads. 


SPORES AND SPORANGIA 


Spores have been observed to swim for about an hour before coming 
to rest. They apparently do not pitch on trash or other nearby ob- 
jects but only on the filaments or reproductive bodies of the host. The 
primary infection seems always to take place at the tip of the host 
thread. The spore loses its cilium, encysts and sends a fine tube through 
the host membrane (figs. 16-20). The protoplasm in the spore then 
flows through this tube into the host. In mature infected cultures the 
spores may settle on the older parts of the host threads and successfully 
penetrate the host wall. In such cases the host protoplasm forms cal- 
losities which wall off the invading parasitic bodies and thus prevent 
their further development (figs. 18, 19). This probably explains why 
infection is unsuccessful with old cultures of Allomyces and with older 
parts of threads in younger culture. 
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In early stages of development it is impossible to decide just how much 
of the protoplasm in an infected hyphal tip belongs to the parasite and 
how much to the host. The parasitic sporangia are usually formed in 
those tips that have not begun noticeable development into sporangia 
or resting bodies. However, resting bodies of the host in all stages of 
maturity have been found which were parasitized and later produced 
Rozella spores. The parasitic protoplasm becomes more or less evenly 
scattered among the larger granules of the host cytoplasm. Meantime 
the infected hyphal tip has a pale whitish gleam which contrasts strik- 
ingly with the darker and more coarsely granulated protoplasm of the 
host. A septation is formed cutting off the parasitic sporangium from 
the rest of the hypha. If a separate wall is laid down by the parasite 
to enclose the sporangium it is so thin and closely applied to the host 
wall as to be indistinguishable as a separate membrane. Sometimes 
one or more partitions are laid down within the primary segment. The 
partitions may be horizontal or vertical or placed at such angles as to 
appear Y-shaped in section. The formation of such a cross wall takes 
place in this manner: a clear furrow is seen to extend across the cell, 
widening out at the sides where it joins the cell walls. Later small 
granules are deposited in the furrow and these appear to fuse to form 
the partition. 

Soon after the cross wall has been formed, one or more vacuoles are 
seen actively vibrating. The protoplasm around the vacuoles is com- 
posed of the heavy coarse granules of the host and the fine clear gran- 
ules of the parasite. Apparently small clumps of the host plasma are 
digested in the vacuoles. As the sporangium matures the vacuoles are 
seen to fuse so as eventually to form one or more large vacuoles which 
become centrally located. The spore origins are cut out and move 
gently, while the clear vacuolar spaces are still visible with the vigor- 
ously daneing granules. A disappearance stage occurs, during which 
the spore origins and vacuoles disappear, the granules becoming evenly 
dispersed in the homogeneous protoplasm. At this stage there seems to 
be a general swelling of the entire contents. Early in the development, 
about the time the cross wall is formed, a small protuberance is seen to 
appear on the outer wall of the sporangium; and as the development 
within the sporangium increases, the papilla enlarges. 

A few minutes after the disappearance stage the granules begin to 
collect in small evenly spaced groups, each group forming the center of a 
spore (pl. 23, figs. 6, 7). Quickly the spores take on their form and a 
faint rocking and jerking motion becomes evident. As the movement 
increases in rapidity, the outlines of the spores become distinct. Soon 
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the spores are in a seething motion, moving in whirlpool-like currents 
(fig. 8). The walls continue to bulge out and the papilla to enlarge 
(figs. 9-11). The papilla wall becomes quite thickened, as though it 
were being gelatinized, and swells outward. Meantime the mass of 
spores is pushed inward by a clear hyaline space which is a continuation 
of that of the papilla. This space continues to push the spores back- 
ward; at the same time the bulge of the papilla is greatly increased. 
Suddenly the tip bursts and the spores are shot out in a straight stream 
(fig. 12). So great is the internal pressure that the spores and small 
granules of matter are shot out in a mass.in which it is hardly possible to 
distinguish the spores until they are a little distance from the sporan- 
gium. Their motion is then slowed up, and it can be seen that the 
spores come out with their cilium directed backwards. They dart 
about very rapidly, frequently changing their direction. The majority 
of the spores have escaped from the sporangium in two or three minutes 
after the tip bursts. Occasionally some of the spores do not escape 
from the sporangium but dart rapidly about within the walls. In 
stained material spores have been seen within the sporangium which 
had two cilia and were twice the size of normal spores. These biciliate 
spores are probably due to incomplete segmentation in the sporangium. 
On one occasion spores were seen within a sporangium to creep about 
the wall in an amoeboid fashion. These however resumed their rapid 
motion and escaped if they happened to find the exit tube. 

Spores of this genus were originally described by Cornu (1872) as 
being ovoid and typically uniciliate. However, Fischer (1894) de- 
scribes the spores as possessing two cilia, a short one in front and a long 
one behind. We are very certain that, in the present species, the spores 
are uniciliate. They have been seen on numerous occasions and in 
exceedingly large quantities. One of the most favorable methods by 
which actively swimming spores can be observed is in a small drop of 
water on a slide without a cover slip in which a large number of spores 
are swimming in the edge of the drop. If such spores are observed under 
a high dry lens with correction collar, a single cilium can easily be made 
out. A single cilium has also been observed with a water immersion 
lens. Preparations killed with the fumes of osmic acid and stained with 
a weak solution of gentian violet and mounted in water show beyond 
doubt the presence of a single cilium (pl. 22, fig. 3). Spores stained by 
the Cotner method gave similar results. There can hardly be any 
doubt but that there are two groups of plants in this family, one having 
uniciliate spores and the other biciliate spores. 
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RESTING BODIES 


The spiny resting bodies are formed late in the development of the 
culture after the Rozella sporangia have matured (figs. 21-26). They 
appear below the sporangia in the same filaments and in the same type 
of host segment. The segments are spherical, barrel-shaped or long 
cylindrical, depending on the size and number of resting bodies in one 
segment. As with the sporangia the resting bodies are formed in basip- 
etal succession, the older being found in segments next to the youngest 
sporangia. All stages in the development of the resting bodies may 
frequently be seen in one filament. There seems to be a definite zone 
below which successful infection does not take place, the infected zone 
usually occupying from a third to a half of the distal part of a hypha. 
The first crop of spores from the first formed sporangia reinfect the host 
threads to form other sporangia. The second group of sporangia pro- 
duce spores which may reinfect the host to form resting bodies or infect 
new hyphae to form sporangia. When conditions in the culture change, 
such as shortage of food supply, change in temperature, ete., the in- 
fecting plasmodia form resting bodies instead of sporangia. A some- 
what analogous behavior has been found by Barrett (1912) to exist in 
Olpidiopsis, where sexual organs are produced when unfavorable con- 
ditions arise. 

The plasmodium may be seen as a clump of dark granules some of 
which are large and coarse, while others are fine and lighter in color. 
Vacuoles become distinct in the host protoplasm surrounding the 
parasitic body, and these grow larger as the parasitic plasmodium be- 
comes larger. The plasmodium rounds up, and a very delicate mem- 
brane is formed around it. A clear, hyaline space surrounds the body. 
Into this circular space granules are soon seen crowded close to the 
parasite wall, which has become thicker. These granules line up at 
right angles to the spore wall and appear to fuse forming the spines. 
The exact nature of the contents of the mature resting body can only be 
ascertained by cytological methods, which will be employed later. It 
seems, however, that the mature resting body contains a large globule of 
hyaline material surrounded by protoplasm. These bodies remain 
within the host thread until the walls of the host disintegrate. 

Under the proper conditions or stimuli the resting bodies germinate 
(fig. 27). The consecutive development of a resting body has not been 
followed, but numerous stages in their development have been observed. 
It is possible to recognize a germinating resting body by the presence of 
the emergence papilla. In a relatively late stage of spore development 
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the contents of the sporangium become evenly dispersed throughout 
and begin a vigorous movement. After the spores are cut out, they 
begin a slow motion near the periphery of the body, which gradually 
increases in rapidity until the whole mass is seething. As the develop- 
ment of the contents continues, the papilla swells and enlarges. Sud- 
denly the papilla bursts, and the spores are liberated in much the same 
manner as the spores from the primary sporangium and to all appear- 
ances are similar to the latter in structure and behavior. No fusion of 
spores seems to take place. If the host wall has not become broken 
down or torn the spores are liberated within the host filament, as was 
the case in most of the observed cultures. 

Proof that the spiny resting bodies belong to the Rozella was obtained 
by reinfection experiments. Host threads containing spiny resting 
bodies (a week or more old) were cut off and placed in contact with the 
young hyphae from a pure strain of Allomyces arbuscula. After 24 
hours time the resting bodies had germinated and many of the hyphal 
tips of the Allomyces were infected with the characteristic sporangia of 
the parasite, thus proving the position of the spiny resting bodies in the 
life history. None of the previous observers has been able to obtain the 
germination of these resting bodies and to demonstrate their positive 
relationship to Rozella. 

SUMMARY 

1. A new species of Rozella parasitic on Allomyces arbuscula is de- 
seribed. 

2. The zoospores possess one posteriorly attached cilium which is 
directed backwards when swimming. 

3. The germination of the spiny resting body has been observed a 
number of times. In the structure and mode of exit, spores from the 
resting body are similar to those from the primary zoosporangium. 
The identity of the resting bodies with the parasite has been definitely 
proved by reinfecting the healthy Allomyces cultures with the spores 
from germinating resting bodies. 

4. No evidence of fusion of any spores has been found. 

BoTaNicaL LABORATORY, 
UNIVERSITY OF NORTH CAROLINA, 
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EXPLANATION OF PLATES 
PLATE 22 
All photos except 3 from living material. 

Fic. 1. Part of a young culture of Allomyces arbuscula Butler about eighteen 
hours after infection showing hyphal tips infected by parasite, Rozella 
(p). Note pale, whitish gleam of young parasitic sporangia. Note also 
much larger and denser resting bodies of host (r.s.) X 120. 

Fic. 2. Four heavily parasitized hyphal branches of Allomyces. Toward distal 
part of host thread, sporangia of parasite are formed, all of which have 
emptied except one. This one (s:) shown in filament b discharged its 
spores a few minutes after photograph was made. The segment at tip 
of thread 6 is divided into three sporangia (s). The dark rounded bodies, 
of which one to four are shown in each segment, are the resting bodies of 
parasite. The older ones are toward hyphal tip, the younger stages 
nearer base. Note very early stage of infection in thread aati. X 250. 

Fic. 3. Two zoospores showing single cilium on each. X 1620. 

Fics. 4-6. Enlarged views of threads a, b, c, respectively shown in fig. 2, showing 
stages in development of resting bodies. Note young spines on resting 
bodies in figs. 5and6. X 540. 

Fics. 7. Resting bodies of Rozella. Note central globule, and spines. Two of 
the resting bodies have discharged their spores and partially collapsed. 
x 1140. 

PLATE 23 

Fic. 1. Habit sketch of parasitized Allomyces thread, showing empty zoosporan- 
gia of parasite and resting bodies in various stages of development. Note 
young plasmodia of parasite in lower part of figure. X 187. 

Fics. 2-7. Stages in development of sporangia from just after infection to forma- 
tion of spores. Fig. 4 shows large central vacuoles with spore origins 
(?). Fig. 5, disappearance stage. Fig. 6, reformation of spores. Fig. 7, 
spores ready to emerge. X 787. 

Fics. 8-12. Diagrammatic sketches showing spore discharge. See text for 
explanation. X about 787. 

Fic. 13. Spores as they appear in the living condition. X 1050. 

Fic. 14. Three primary segments which have become divided into two or three 
secondary segments, each a sporangium. Note exit pores. X 483. 

Fic. 15. Biciliated zoospores which had failed to emerge from sporangium. 
xX 930. 

Fic. 16. Spore, still with cilium, on host thread. X 930. 











204 JOURNAL OF THE MITCHELL SOCIETY [July 


Fics. 17-20. Stages in infection. Fig. 17, infection tubes starting. x 1046. 
Fig. 18. Two spores, one of which has sent germ tube through host wall 
and emptied most ef its protoplast into host thread. The host thread is 
forming a callus around parasite and it is doubtful if this infection would 
have developed further. X 1312. Fig. 19, another spore showing same 
condition as above. X 1312. Fig. 20, collapsed membrane of spore 
which apparently has emptied its contents into host. Parasite plasmo- 
dium is shown by darker granules. X 1312. 

Fics. 21-26. Development of resting body, for explanation see text. X 787. 

Fic. 27. Resting body which has germinated forming zoospores, all of which have 


been discharged except four. X 787. 
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